jn7Reca^i/i v ru 0.4 AUf 2005 

DESCRIPTION 

LIQUID-DETECTING DEVICE AND 
LIQUID CONTAINER WITH THE SAME 

Technical Field 

The present invention relates to a liquid-detecting device 
and a liquid container having the liquid-detecting device, and more 
particularly to a liquid-detecting device and a liquid container 
having the liquid-detecting device suitable for detection of a liquid 
residue of a liquid ejecting apparatus. 



Background Art 

As a typical example of a conventional liquid ejecting 

15 apparatus, there is an ink jet recording apparatus having an ink 
jet recording head for image recording. As other liquid ejecting 
apparatuses, for example, an apparatus having a coloring 
material ejecting head used to manufacture color filters such as 
a liquid crystal display, an apparatus having an electrode 

20 material (conductive paste) ejecting head used to form 
electrodes such as an organic EL display and a face emission 
display, an apparatus having a biological organic substance 
ejecting head used to manufacture biological chips, and an 
apparatus having a sample ejecting head as a precise pipette 

25 may be cited. 

In the ink jet recording apparatus which is a typical 
example of the liquid ejecting apparatus, an ink jet recording 
head having a pressure generation means for pressurizing a 
pressure generation chamber and a nozzle opening for jetting 

30 pressurized ink as ink drops is loaded in a carriage. 

In the ink jet recording apparatus, ink in an ink container 
is continuously fed to a recording head via a flow path, thus 
printing can be continued. The ink container is formed as a 
removable cartridge which can be exchanged by a user, for 

35 example, at the point of time when ink is consumed. 

Conventionally, as a method for controlling ink 
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consumption in the ink cartridge, there are a control method for 
totalizing the number of jets of ink drops by the recording head 
and the ink amount sucked in by maintenance by the software, 
thereby calculating the ink consumption and a method for 
5 controlling ink at the point of time when a predetermined 
amount of ink is actually consumed by an electrode for liquid 
level detection which is attached to the ink cartridge. 

However, the method for totalizing the jet count and ink 
amount of ink drops by the software and calculating the ink 

10 consumption has a problem as indicated below. Some heads 
have variations in weight in jetted ink drops. Although weight 
variations of ink drops do not affect the image quality, in 
consideration of cumulative errors of the ink consumption due 
to variations, an amount of ink given a margin is filled in the ink 

15 cartridge. Therefore, a problem arises that in some individual, 
the margin of ink may be left over. 

On the other hand, the method for controlling the point of 
time of ink consumption by the electrode can detect the actual 
amount of ink, so that the ink residue can be controlled highly 

20 reliably. However, the detection of the ink level depends on the 
conductivity of ink, so that there are defects that the kind of 
detectable ink is limited and the seal structure of the electrode 
is complicated. Further, as a material of the electrode, a noble 
metal which is conductive and corrosion resistant is generally 

25 used, so that the manufacturing cost of ink cartridges is 
increased. Furthermore, two electrodes must be mounted, so 
that the manufacturing steps are increased and as a result, the 
manufacturing cost is increased. 

The apparatus developed to solve the aforementioned 

30 problems is disclosed as a piezoelectric device in Japanese 
Patent Application 2001-146024. This piezoelectric device can 
accurately detect the liquid residue and requires no complicated 
seal structure, so that it can be mounted and used in a liquid 
container. 

35 Namely, according to the piezoelectric device described in 

Japanese Patent Application 2001-146024, using that the 
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resonance frequency of a residual vibration signal generated 
due to a residual vibration (a free vibration) of the vibration 
part of the piezoelectric device forcibly vibrated by a driving 
pulse is changed between a case that there is ink in the space 
5 opposite to the vibration part of the piezoelectric device and a 
case that there is no ink (or little ink), the ink residue in the ink 
cartridge can be monitored. 

Figs. 24A, 24B, and 24C show an actuator constituting the 
aforementioned piezoelectric device. An actuator 106 has a 

10 substrate 178 having a circular opening 161 at almost the 
center thereof, a vibration plate 176 arranged on one surface 
(hereinafter, referred to as the surface) of the substrate 178 so 
as to cover the opening 161, a piezoelectric layer 160 arranged 
on the side of the surface of the vibration plate 176, an upper 

15 electrode 164 and a lower electrode 166 holding the 
piezoelectric layer 160 on both sides thereof, an upper electrode 
terminal 168 electrically joining to the upper electrode 164, a 
lower electrode terminal 170 electrically joining to the lower 
electrode 166, and an auxiliary electrode 172 arranged between 

20 the upper electrode 164 and the upper electrode terminal 168 
for electrically joining the two. 

The piezoelectric layer 160, the upper electrode 164, and 
the lower electrode 166 respectively have a circular part which 
is a main portion thereof. And, the respective circular parts of 

25 the piezoelectric layer 160, the upper electrode 164, and the 
lower electrode 166 form piezoelectric elements. 

The vibration plate 176 is formed on the surface of the 
substrate 178 so as to cover the opening 161. A cavity 162 is 
formed by the part of the vibration plate 176 opposite to the 

30 opening 161 and the opening 161 of the substrate (the cavity 
forming member) 178. The surface (hereinafter, referred to as 
the rear) of the substrate 178 on the opposite side of the 
piezoelectric device faces on the inside of the ink container. 
Therefore, the cavity 162 is formed so as to make contact with 

35 a liquid (ink). Further, even if a liquid enters inside the cavity 
162, to prevent it from leaking on the surface side of the 
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substrate 178, the vibration plate 176 is attached liquid-tightly 
to the substrate 178. 

The lower electrode 166 is positioned on the surface of the 
vibration plate 176. The center of the circular part which is the 
5 main portion of the lower electrode 166 and the center of the 
opening 161 are attached so as to coincide with each other. 
Further, on the surface side of the lower electrode 166, the 
piezoelectric layer 160 is arranged and formed so that the 
center of the circular part coincides with the center of the 

10 opening 161. 

And, in the actuator (piezoelectric device) 106 by the 
related art, the size (area) of the circular part of the lower 
electrode 166 is preset so as to be smaller than the size (area) 
of the opening 161, and the overall circular part of the lower 

15 electrode 166 is arranged within the area corresponding to the 
opening 161. Further, the area of the circular part of the 
piezoelectric layer 160 is preset so as to be smaller than the 
area of the opening 161 and larger than the area of the circular 
part of the lower electrode 166. 

20 On the surface side of the piezoelectric layer 160, the 

upper electrode 164 is arranged and formed so that the center 
of the circular part which is the main portion thereof coincides 
with the center of the opening 161. The area of the circular 
part of the upper electrode 164 is preset so as to be smaller 

25 than the areas of the opening 161 and of the circular part of the 
piezoelectric layer 160 and so as to be larger than the area of 
the circular part of the lower electrode 166. 

Therefore, the main portion of the piezoelectric layer 160 
is structured so as to be held by the main portion of the upper 

30 electrode 164 and the main portion of the lower electrode 166 
respectively on the surface side and rear side thereof. The 
circular parts of the upper electrode 164 and the lower 
electrode 166 which are respectively the main portions form the 
piezoelectric element of the actuator 106. The piezoelectric 

35 element is in contact with the vibration plate 176. 

By use of such a structure, the vibration area of the 
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vibration plate 176 which vibrates actually is decided by the 
opening 161. Further, among the circular part of the lower 
electrode 166 and the circular part of the upper electrode 164 
which are electrically connected to the piezoelectric layer 160, 
5 the circular part of the lower part 166 is smaller, so that the 
circular part of the lower electrode 166 decides a part of the 
piezoelectric layer 160 producing the piezoelectric effect. 

As described above, in the actuator 106 (piezoelectric 
device) by the related art, among the circular main portion of 

10 the upper electrode 164, the circular main portion of the 
piezoelectric layer 160, the circular main portion of the lower 
electrode 166, and the circular opening 161, the opening 161 
has the largest area, and the main portion of the piezoelectric 
player 160 has the next largest area, and the main portion of 

15 the upper electrode 164 has the next largest area, and the main 
portion of the-lower electrode 166 has the smallest area. 

And, in the aforementioned actuator 106 by the related art, 
the residual vibration (free vibration) of the vibration part 
generated after the driving pulse is applied to the piezoelectric 

20 element and the vibration part is forcibly vibrated is detected as 
counter electromotive force by the same piezoelectric element. 
And, using that the residual vibration state of the vibration part 
is changed before and after the liquid level in the ink container 
passes the installation position (strictly speaking, the position of 

25 the cavity 162) of the actuator 106, the residual ink amount in 
the ink container can be detected. 

However, in the aforementioned conventional 
liquid-detecting device (piezoelectric device), there are 
problems imposed as mentioned below. 

30 Firstly, the output of the counter electromotive force 

generated in the piezoelectric element by the residual vibration 
of the vibration part of the liquid-detecting device is small, so 
that it is difficult to detect the counter electromotive force. The 
reason seems to be that the deformed shape (the deformation 

35 mode) of the vibration part when the driving pulse is applied to 
the piezoelectric element and the vibration part is forcibly 
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vibrated and the deformed shape (the deformation mode) of the 
vibration part at the time of free vibration after forcible 
deformation are greatly different from each other. 

Secondly, a problem arises that during free vibration of the 
5 vibration part after forcible deformation, other than the 
vibration frequency necessary as a detection object, an 
unnecessary high order of vibration mode is excited. 
Particularly, when the lower electrode is displaced in the 
vibration part due to manufacture variations, an unnecessary 

10 vibration is increased and the vibration frequency may not be 
detected or may not be detected correctly. 

Further, as shown in Figs. 24A, 24B, and 24C, in the 
conventional liquid-detecting device (piezoelectric device), a 
part of the hard and fragile piezoelectric film 160 is extended 

15 toward the upper electrode terminal 168 so as to cross the 
periphery of the cavity 162. Therefore, a problem arises that 
the piezoelectric film 160 may be cracked at a position 
corresponding to the periphery of the cavity 162. 

20 Disclosure of Invention 

The present invention has been developed with the 
foregoing in view and is intended to provide a liquid-detecting 
device capable of easily and surely detecting the residual 
vibration state of the vibration part and a liquid container 

25 having the liquid-detecting device. 

Further, the present invention is intended to provide a 
liquid-detecting device capable of preventing generation of 
cracks in the piezoelectric layer and a liquid container having 
the liquid-detecting device. 

30 To solve the aforementioned problems, the liquid-detecting 

device of the present invention comprises: a base having a first 
face and a second face opposite to each other, the base being 
provided with a concavity configured to receive a medium to be 
detected, the concavity being formed so as to be opened on a 

35 side of the first face, the concavity having a bottom configured 
to be capable of vibrating; a first electrode formed on a side of 
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the second face of the base, the first electrode having a main 
portion formed in a size larger than the bottom of the concavity 
so as to cover an almost overall area corresponding to the 
bottom of the concavity, the main portion including a notch 
5 formed so as to extend inward over a position corresponding to 
a periphery of the bottom of the concavity; a piezoelectric layer 
having a main portion formed in a size smaller than the bottom 
of the concavity, a whole of the piezoelectric layer being 
arranged within the area corresponding to the bottom of the 

10 concavity, an almost overall the main portion of the piezoelectric 
layer excluding a part corresponding to the notch of the first 
electrode being laminated on the first electrode; an auxiliary 
electrode formed on a side of the second face of the base so as 
to extend from an outside of the area corresponding to the 

15 bottom of the concavity to an inside of the area corresponding 
to the bottom of the concavity, a part of the auxiliary electrode 
being positioned within the notch of the first electrode and 
supporting a part of the piezoelectric layer from the side of the 
second face; and a second electrode having a main portion 

20 laminated on the piezoelectric layer and an extension part 
extending from the main portion of the second electrode so as 
to be connected to the auxiliary electrode within the area 
corresponding to the bottom of the concavity. 

Preferably, the piezoelectric layer has a projection 

25 projected from the main portion of the piezoelectric layer within 
the area corresponding to the bottom of the concavity, the 
projection being supported by the auxiliary electrode. 

Preferably, the main portion of the second electrode is 
formed in a size smaller than the main portion of the 

30 piezoelectric layer. 

Preferably, the main portion of the piezoelectric layer and 
the main portion of the second electrode are formed in an 
almost symmetrical form having at least one symmetrical 
common axis. 

35 Preferably, the main portion of the piezoelectric layer and 

the main portion of the second electrode are all circular and are 
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arranged coaxially with each other. 

To solve the aforementioned problems, the liquid-detecting 
device of the present invention comprises: a base having a first 
face and a second face opposite to each other, the base being 
5 provided with a concavity configured to receive a medium to be 
detected, the concavity being formed so as to be opened on a 
side of the first face, the concavity having a bottom configured 
to be capable of vibrating; a first electrode formed in a size 
larger than the bottom of the concavity on a side of the second 

10 face of the base so as to cover an overall area corresponding to 
the bottom of the concavity; a piezoelectric layer having a main 
portion formed in a size smaller than the bottom of the 
concavity, the main portion of the piezoelectric layer being 
laminated on the first electrode within the area corresponding to 

15 the bottom of the concavity; and a second electrode having a 
main portion laminated on the main portion of the piezoelectric 
layer. 

Preferably, the piezoelectric layer additionally has an 
extension part extending from the main portion of the 
20 piezoelectric layer up to an outside of the area corresponding to 
the bottom of the concavity beyond a position corresponding to 
a periphery of the concavity. 

Preferably, the main portion of the second electrode is 
formed in a size smaller than the main portion of the 
25 piezoelectric layer. 

Preferably, the second electrode additionally has an 
extension part extending from the main portion of the second 
electrode over the extension part of the piezoelectric layer up to 
the outside of the area corresponding to the bottom of the 
30 concavity. 

Preferably, the main portion of the piezoelectric layer and 
the main portion of the second electrode are formed in an 
almost symmetrical form having at least one symmetrical 
common axis. 

35 Preferably, the concavity, the main portion of the 

piezoelectric layer, and the main portion of the second electrode 
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are all circular and are arranged coaxially with each other. 

Preferably, the above-mentioned liquid-detecting device 
further comprises an insulating layer arranged between the 
extension part of the second electrode and the piezoelectric 
5 layer. 

To solve the aforementioned problems, the liquid-detecting 
device of the present invention comprises: a base having a first 
face and a second face opposite to each other, the base being 
provided with a concavity configured to receive a medium to be 

10 detected, the concavity being formed so as to be opened on a 
side of the first face, the concavity having a bottom configured 
to be capable of vibrating; a first electrode formed in a size 
larger than the bottom of the concavity on a side of the second 
face of the base so as to cover an overall area corresponding to 

15 the bottom of the concavity; a piezoelectric layer having a main 
portion formed in a size larger than the bottom of the concavity, 
the main portion of the piezoelectric layer being laminated on 
the first electrode so as to cover the overall area corresponding 
to the bottom of the concavity; and a second electrode having a 

20 main portion formed in a size smaller than the bottom of the 
concavity, the main portion of the second electrode being 
laminated on the main portion of the piezoelectric layer within 
the area corresponding to the bottom of the concavity. 

Preferably, the main portion of the piezoelectric layer is 

25 formed in a size smaller than the main portion of the first 
electrode. 

Preferably, the piezoelectric layer additionally has an 
extension part extending from the main portion of the 
piezoelectric layer. The second electrode additionally has an 
30 extension part extending from the main part of the second 
electrode over the main portion of the piezoelectric layer and 
the extension part of the piezoelectric layer. 

Preferably, the main portion of the piezoelectric layer and 
the main portion of the second electrode are formed in an 
35 almost symmetrical form having at least one symmetrical 
common axis. 



Preferably, the concavity and the main portion of the 
second electrode are all circular and are arranged coaxially with 
each other. 

Preferably, the above-mentioned liquid-detecting device 
5 further comprises an insulating layer arranged between the 
extension part of the second electrode and the piezoelectric 
layer. 

To solve the aforementioned problems, the liquid-detecting 
device of the present invention comprises: a base having a first 

10 face and a second face opposite to each other, the base being 
provided with a concavity configured to receive a medium to be 
detected, the concavity being formed so as to be opened on a 
side of the first face, the concavity having a bottom configured 
to be capable of vibrating; a first electrode having a main 

15 portion formed in a size smaller than the bottom of the 
concavity on a side of the second face of the base, the main 
portion of the first electrode being arranged inside an area 
corresponding to the bottom of the concavity; a piezoelectric 
layer having a main portion formed in a size smaller than the 

20 main portion of the first electrode, the main portion of the 
piezoelectric layer being laminated on the main portion of the 
first electrode; and a second electrode having a main portion 
formed in a size smaller than the main portion of the 
piezoelectric layer, the main portion of the second electrode 

25 being laminated on the main portion of the piezoelectric layer. 

Preferably, the first electrode additionally has an extension 
part extending from the main portion of the first electrode up to 
an outside of the area corresponding to the bottom of the 
concavity. The piezoelectric layer additionally has an extension 

30 part extending from the main portion of the piezoelectric layer 
up to the outside of the area corresponding to the bottom of the 
concavity. The second electrode additionally has an extension 
part extending from the main portion of the second electrode 
over the main portion of the piezoelectric layer and the 

35 extension part of the piezoelectric layer. 

Preferably, the concavity and the main portion of the first 



11 

electrode are all circular and are arranged coaxially with each 
other. A diameter of the main portion of the first electrode is 
equal to or more than 75% of a diameter of the concavity. 

To solve the aforementioned problems, the liquid-detecting 
5 device of the present invention comprises: a base having a first 
face and a second face opposite to each other, the base being 
provided with a concavity configured to receive a medium to be 
detected, the concavity being formed so as to be opened on a 
side of the first face, the concavity having a bottom configured 

10 to be capable of vibrating; a first electrode formed in a size 
larger than the bottom of the concavity on a side of the second 
face of the base so as to cover an overall area corresponding to 
the bottom of the concavity; a piezoelectric layer having a main 
portion formed in a size larger than the bottom of the concavity, 

15 the main portion of the piezoelectric layer being laminated on 
the first electrode so as to cover the overall area corresponding 
to the bottom of the concavity; and a second electrode having a 
annular main portion which has an outer diameter formed in a 
size smaller than the bottom of the concavity, the annular main 

20 portion being laminated on the main portion of the piezoelectric 
layer within the area corresponding to the bottom of the 
concavity. 

Preferably, the main portion of the piezoelectric layer is 
formed in a size smaller than the main portion of the first 
25 electrode. 

Preferably, the piezoelectric layer additionally has an 
extension part extending from the main portion of the 
piezoelectric layer. The second electrode additionally has an 
extension part extending from the main part of the second 
30 electrode over the main portion of the piezoelectric layer and 
the extension part of the piezoelectric layer. 

Preferably, the main portion of the piezoelectric layer and 
the main portion of the second electrode are formed in an 
almost symmetrical form having at least one symmetrical 
35 common axis. 

Preferably, the concavity is circular, and the main portion 
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of the second electrode is in a circular ring shape, and the 
concavity and the main portion of the second electrode are 
arranged coaxially with each other. 

To solve the aforementioned problems, the liquid-detecting 
5 device of the present invention comprises: a base having a first 
face and a second face opposite to each other, the base being 
provided with a concavity configured to receive a medium to be 
detected, the concavity being formed so as to be opened on a 
side of the first face, the concavity having a bottom configured 

10 to be capable of vibrating; a first electrode formed on a side of 
the second face of the base, the first electrode having a main 
portion and an extension part, the main portion being formed in 
a size smaller than the bottom of the concavity and arranged 
within an area corresponding to the bottom of the concavity, the 

15 extension part extending from the main part of the first 
electrode up to an outside of the area corresponding to the 
bottom of the concavity; a piezoelectric layer formed in a size 
smaller than the bottom of the concavity, the piezoelectric layer 
being laminated on the first electrode, a whole of the 

20 piezoelectric layer being arranged within the area corresponding 
to the bottom of the concavity; an auxiliary electrode formed on 
the side of the second face of the base, the auxiliary electrode 
extending from the outside of the area corresponding to the 
bottom of the concavity to an inside of the area corresponding 

25 to the bottom of the concavity, a part of the auxiliary electrode 
supporting a part of the piezoelectric layer from the side of the 
second face; and a second electrode having a main portion 
laminated on the piezoelectric layer and an extension part 
extending from the main portion of the second electrode so as 

30 to be connected to the auxiliary electrode within the area 
corresponding to the bottom of the concavity. 

Preferably, the size of the main portion of the first 
electrode is smaller than the size of the piezoelectric layer, and 
a size of the main portion of the second electrode is larger than 

35 the size of the main portion of the first electrode. 

Preferably, a size of the main portion of the second 
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electrode is smaller than the size of the piezoelectric layer. 

Preferably, the extension part of the first electrode and the 
extension part of the second electrode extend mutually in 
opposite directions along a first straight line passing a center of 
5 the concavity. The first electrode additionally has a pair of 
extension parts mutually extending from the main portion of the 
first electrode in opposite directions along a second straight line 
which passes the center of the concavity and intersects the first 
straight line orthogonally. 

10 Preferably, the pair of extension parts and the main portion 

of the first electrode are separated from each other. 

Preferably, the main portion of the first electrode, the main 
portion of the piezoelectric layer, and the main portion of the 
second electrode are all circular and arranged coaxially with 

15 each other. 

To solve the aforementioned problems, the liquid-detecting 
device of the present invention comprises: a container body for 
storing a liquid; and any of the aforementioned liquid-detecting 
devices. The concavity of the liquid-detecting device is exposed 

20 in a liquid storage space of the container body. 

Preferably, a liquid for a liquid ejecting apparatus is stored 
in the container body. 

Preferably, the liquid ejecting apparatus is an ink jet 
recording apparatus and ink is stored in the container body. 

25 According to the liquid-detecting device of the present 

invention having the aforementioned constitution and the liquid 
container having the liquid-detecting device, changes in the 
residual vibration state of the vibration part of the 
liquid-detecting device can be detected easily and surely. 

30 Further, according to the liquid-detecting device of the 

present invention and the liquid container having the 
liquid-detecting device, generation of cracking in the 
piezoelectric layer can be prevented surely. 

35 Brief Description of Drawinas 

Fig. 1 is a perspective view showing the schematic 



14 



constitution of an ink jet recording apparatus using an ink 
cartridge having a liquid-detecting device of an embodiment of 
the present invention. 

Fig. 2 is a plan view showing the liquid-detecting device of 
5 an embodiment of the present invention. 

Figs. 3A and 3B are vertical sectional views showing an 
enlarged part of the liquid-detecting device shown in Fig. 2, and 
Fig. 3A is a sectional view along the line A-A shown in Fig. 2, 
and Fig. 3B is a sectional view along the line B-B shown in Fig. 
10 2. 

Fig. 4 is a drawing showing the liquid-detecting device 
shown in Figs. 2, 3A, and 3B and equivalent circuits thereof. 

Fig. 5A is a drawing showing the relationship between the 
resonance frequency of the vibration part detected by the 
15 liquid-detecting device shown in Figs. 2, 3A, and 3B and the 
residual ink amount in the ink cartridge. 

Fig. 5B is a drawing showing the relationship between the 
resonance frequency of ink detected by the liquid-detecting 
device shown in Figs. 2, 3A, and 3B and the ink density. 
20 Figs. 6A and 6B are drawings showing counter 

electromotive force waveforms in the liquid-detecting device 
shown in Figs. 2, 3A, and 3B. 

Fig. 7 is a perspective view showing a module body 
incorporating the liquid-detecting device shown in Figs. 2, 3A, 
25 and 3B. 

Fig. 8 is an exploded view showing the constitution of the 
module body shown in Fig. 7. 

Fig. 9 is a drawing showing a sectional example of the 
module body shown in Fig. 7 which is mounted in the container 
30 body of the ink cartridge. 

Fig. 10 is a plan view showing a liquid-detecting device of 
an embodiment of the present invention. 

Figs. 11A and 11B are vertical sectional views showing an 
enlarged part of the liquid-detecting device shown in Fig. 10, 
35 and Fig. 11A is a sectional view along the line A-A shown in Fig. 
10, and Fig. 11B is a sectional view along the line B-B shown in 
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Fig. 10. 

Fig. 12 is a sectional view showing a modification of the 
liquid-detecting device shown in Figs. 10, 11A, and 11B. 

Fig. 13 is a plan view showing a liquid-detecting device of 
5 an embodiment of the present invention. 

Figs. 14A and 14B are vertical sectional views showing an 
enlarged part of the liquid-detecting device shown in Fig. 13, 
and Fig. 14A is a sectional view along the line A-A shown in Fig. 
13, and Fig. 14B is a sectional view along the line B-B shown in 
10 Fig. 13. 

Fig. 15 is a sectional view showing a modification of the 
liquid-detecting device shown in Figs. 13, 14A, and 14B. 

Fig. 16 is a plan view showing a liquid-detecting device of 
an embodiment of the present invention. 
15 Figs. 17A and 17B are vertical sectional views showing an 

enlarged part of the liquid-detecting device shown in Fig. 16, 
and Fig. 17A is a sectional view along the line A-A shown in Fig. 
16, and Fig. 17B is a sectional view along the line B-B shown in 
Fig. 16. 

20 Fig. 18 is a plan view showing a liquid-detecting device of 

an embodiment of the present invention. 

Figs. 19A and 19B are vertical sectional views showing an 

enlarged part of the liquid-detecting device shown in Fig. 18, 

and Fig. 19A is a sectional view along the line A-A shown in Fig. 
25 18, and Fig. 19B is a sectional view along the line B-B shown in 

Fig. 18. 

Fig. 20 is a plan view showing a liquid-detecting device of 
an embodiment of the present invention. 

Figs. 21A and 21B are vertical sectional views showing an 
30 enlarged part of the liquid-detecting device shown in Fig. 20, 
and Fig. 21A is a sectional view along the line A-A shown in Fig. 
20, and Fig. 21B is a sectional view along the line B-B shown in 
Fig. 20. 

Fig. 22 is a plan view showing a liquid-detecting device as 
35 a modification of the embodiment shown in Figs. 20, 21A, and 
21B. 
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Figs. 23A and 23B are vertical sectional views showing an 
enlarged part of the liquid-detecting device shown in Fig. 22, 
and Fig. 23A is a sectional view along the line A-A shown in Fig. 
22, and Fig. 23B Is a sectional view along the line B-B shown in 
5 Fig. 22. 

Figs. 24A, 24B, and 24C are drawings showing a related 
liquid-detecting device. 

Best Mode for Carrying Out the Invention 

10 Hereinafter, a liquid-detecting device of an embodiment 

of the present invention and an ink cartridge (a liquid container) 
having the liquid-detecting device will be explained with 
reference to the accompanying drawings. 

Fig. 1 shows a schematic constitution of an ink jet 

15 recording apparatus (a liquid ejecting apparatus) using the ink 
cartridge of this embodiment, and in Fig. 1, numeral 1 indicates 
a carriage, and the carriage 1 is structured so as to be guided 
by a guide member 4 via a timing belt 3 driven by a carriage 
motor 2 and move back and forth in the axial direction of a 

20 platen 5. 

On the side of the carriage 1 opposite to a recording form 
6, an ink jet recording head 12 is loaded and above it, an ink 
cartridge 7 for feeding ink to the recording head 12 is mounted 
removably. 

25 In the home position (on the right of the drawing) which is 

a non-printing area of the recording apparatus, a cap member 
31 is arranged and the cap member 31 is structured, when the 
recording head loaded on the carriage 1 moves to the home 
position, so as to be pressed against the nozzle forming face of 

30 the recording head and form a closed space between the same 
and the nozzle forming face. And, under the cap member 31, a 
pump unit 10 for applying a negative pressure to the closed 
space formed by the cap member 31 and executing cleaning is 
arranged. 

35 And, in the neighborhood of the cap member 31 in the 

printing area, a wiping means 11 having an elastic plate such as 



rubber is arranged so as to move back and forth, for example, 
horizontally for the moving track of the recording head and it is 
structured, when the carriage 1 moves back and forth on the 
side of the cap member 31, so as to wipe the nozzle forming 
5 face of the recording head as required. 

Figs. 2, 3A, and 3B are drawings showing a 
liquid-detecting device 60 of this embodiment, and the 
liquid-detecting device 60 has a base 40 formed by laminating a 
vibration plate 42 on a substrate 41, and the base 40 has a first 

10 face 40a and a second face 40b opposite to each other. On the 
base 40, a circular cavity (concavity) 43 for receiving a medium 
to be detected is formed so as to be opened on the side of the 
first face 40a and a bottom 43a of the cavity 43 is configured to 
be capable of vibrating by the vibration plate 42. In other 

15 words, the part of the overall vibration plate 42 which vibrates 
actually is defined at the contour thereof by the cavity 43. At 
both ends of the base 40 on the side of the second face 40b, a 
lower electrode terminal 44 and an upper electrode terminal 45 
are formed. 

20 On the second face 40b of the base 40, a lower electrode 

(first electrode) 46 is formed and the lower electrode 46 has an 
almost circular main portion 46a and an extension part 46b 
which extends from the main portion 46a toward the lower 
electrode terminal 44 and is connected to the lower electrode 

25 terminal 44. The center of the almost circular main portion 46a 
of the lower electrode 46 coincides with the center of the cavity 
43. 

The almost circular main portion 46a of the lower electrode 
46 is formed in a diameter larger than that of the circular cavity 
30 43 and covers almost overall the area corresponding to the 
cavity 43. Further, the almost circular main portion 46a of the 
lower electrode 46 includes a notch 46c formed so as to extend 
inward over the position corresponding to the periphery 43a of 
the cavity 43. 

35 On the lower electrode 46, a piezoelectric layer 47 is 

laminated and the piezoelectric layer 47 has a circular main 
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portion 47a formed in a diameter smaller than that of the cavity 
43 and a projection 47b projected from the main portion 47a 
within the area corresponding to the cavity 43. As shown in Fig. 
2, the overall piezoelectric layer 47 is within the area 
5 corresponding to the cavity 43. In other words, the cavity 43 
has no part at all crossing and extending the position 
corresponding to the periphery 43a of the cavity 43. 

The center of the main portion 47a of the piezoelectric 
layer 47 coincides with the center of the cavity 43 and the 

10 almost overall main portion 47a of the piezoelectric layer 47, 
excluding the part corresponding to the notch 46c of the lower 
electrode 46, is laminated on the lower electrode 46. 

On the side of the second face 40b of the base 40, an 
auxiliary electrode 48 is formed. The auxiliary electrode 48 

15 extends from the outside of the area corresponding to the cavity 
43 into the area corresponding to the cavity 43 beyond the 
position corresponding to the periphery 43a of the cavity 43. A 
part of the auxiliary electrode 48 is positioned inside the notch 
46c of the first electrode 46 and supports the extension part 

20 47b of the piezoelectric layer 47 and its vicinity from the side of 
the second face 40b of the base 40. The auxiliary electrode 48 
preferably has the same material and same thickness as those 
of the lower electrode 46. Since the extension part 47b of the 
piezoelectric layer 47 and its vicinity are supported from the 

25 side of the second face 40b of the base 40 by the auxiliary 
electrode 48 like this, the piezoelectric layer 47 is prevented 
from generation of a level different portion, thus the mechanical 
strength can be prevented from reduction. 

On the piezoelectric layer 47, a circular main portion 49a 

30 of an upper electrode (second electrode) 49 is laminated and 
the upper electrode 49 is formed in a diameter smaller than that 
of the main portion 47a of the piezoelectric layer 47. Further, 
the upper electrode 49 has an extension part 49b which extends 
from the main portion 49a and is connected to the auxiliary 

35 electrode 48. As shown in Fig. 3b, the position P where the 
extension part 49b of the upper electrode 49 and the auxiliary 



electrode 48 begin to connect is within the area corresponding 
to the cavity 43. 

As shown in Fig. 2, the upper electrode 49 is electrically 
connected to the upper electrode terminal 45 via the auxiliary 
5 electrode 48. Since the upper electrode 49 is electrically 
connected to the upper electrode terminal 45 via the auxiliary 
electrode 48 like this, the level difference caused by the total 
thickness of the piezoelectric layer 47 and the lower electrode 

46 can be absorbed by both the upper electrode 49 and the 
10 auxiliary electrode 48. Therefore, it can be prevented that a 

great level difference is caused in the upper electrode 49 so that 

the mechanical strength is reduced. 

The main portion 49a of the upper electrode 49 is circular 

and the center thereof coincides with the center of the cavity 43. 
15 The main portion 49a of the upper electrode 49 is formed in a 

diameter smaller than those of the main portion 47a of the 

piezoelectric layer 47 and the cavity 43. 

As mentioned above, the main portion 47a of the 

piezoelectric layer 47 is structured so as to be held by the main 
20 portion 49a of the upper electrode 49 and the main portion 46a 

of the lower electrode 46. By doing this, the piezoelectric layer 

47 can be driven to effectively deform. 

Further, among the main portion 46a of the lower electrode 
46 and the main portion 49a of the upper electrode 49 which 

25 are electrically connected to the piezoelectric layer 47, the main 
portion 49a of the upper electrode 49 is formed in a smaller 
diameter. Therefore, the main portion 49a of the upper 
electrode 49 decides the area of the part of the piezoelectric 
layer 47 where the piezoelectric effect is produced. 

30 Further, the members included in the liquid-detecting 

device 60 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 60 is 
integrally formed like this, the liquid-detecting device 60 can be 
handled easily. 

35 As a material of the piezoelectric layer 47, it is preferable 

to use zirconium acid titanate (PZT), zirconium acid titanate 
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lantern (PLZT), or a lead-less piezoelectric film using no lead. 
As a material of the substrate 41, it is preferable to use zirconia 
or alumina. Further, the vibration plate 42 preferably uses the 
same material as that of the substrate 41. The upper electrode 
5 49, the lower electrode 46, the upper electrode terminal 45, and 
the lower electrode terminal 44 can be made with a conductive 
material, for example, metals of gold, silver, copper, platinum, 
aluminum, and nickel. 

With respect to the main portion 47a of the piezoelectric 

10 layer 47, the main portion 49a of the upper electrode 49, and 
the main portion 46a of the lower electrode 46, the centers 
thereof coincide with the center of the cavity 43. Further, the 
center of the circular cavity 43 for deciding the vibratable part 
of the vibration plate 42 is positioned at the center of the 

15 overall liquid-detecting device 60. 

The vibratable part of the vibration plate 42 specified by 
the cavity 43, the part of the main portion 46a of the lower 
electrode 46 corresponding to the cavity 43, the main portion 
47a and the projection 47b of the piezoelectric layer 47, and the 

20 main portion 49a and the part of the extension part 49b of the 
upper electrode 49 corresponding to the cavity 43 constitute the 
vibration part 61 of the liquid-detecting device 60. And, the 
center of the vibration part 61 of the liquid-detecting device 60 
coincides with the center of the liquid-detecting device 60. 

25 Furthermore, the main portion 47a of the piezoelectric 

layer 47, the main portion 49a of the upper electrode 49, the 
main portion 46a of the lower electrode 46, and the vibratable 
part (that is, the part corresponding to the bottom 43a of the 
cavity 43) of the vibration plate 42 are circular, and moreover, 

30 the overall piezoelectric layer 47, that is, the main portion 47a 
and the extension part 47b of the piezoelectric layer 47 are 
arranged within the area corresponding to the cavity 43, so that 
the vibration part 61 of the liquid-detecting device 60 is almost 
symmetrical about the center of the liquid-detecting device 60. 

35 As mentioned above, in this embodiment, the almost 

overall area corresponding to the cavity 43 is covered by the 



main portion 46a of the lower electrode 46, thereby, the 
difference between the deformation mode at the time of forcible 
vibration and the deformation mode at the time of free vibration 
is reduced compared with the conventional art. Further, the 
5 vibration part 61 of the liquid-detecting device 60 is 
symmetrical about the center of the liquid-detecting device 60, 
so that the rigidity of the vibration part 61 is almost isotropic 
viewed from the center. 

Therefore, generation of an unnecessary vibration caused 

10 by the asymmetrical structure is suppressed and the reduction 
in the output of the counter electromotive force due to the 
difference in the deformation mode between the time of forcible 
vibration and the time of free vibration is prevented. By doing 
this, the detection accuracy of the resonance frequency of the 

15 residual vibration of the vibration part 61 of the liquid-detecting 
device 60 is improved and the residual vibration of the vibration 
part 61 can be detected easily. 

Further, since the almost overall area corresponding to the 
cavity 43 is covered by the main portion 46a of the lower 

20 electrode 46 having a diameter larger than that of the cavity 43, 
the generation of an unnecessary vibration due to the 
displacement of the lower electrode 46 during manufacture can 
be prevented and the reduction in the detection accuracy can be 
prevented. 

25 Further, the overall hard and fragile piezoelectric layer 47 

is arranged within the area corresponding to the cavity 43 and 
the piezoelectric layer 47 does not exist in the position 
corresponding to the periphery 43a of the cavity 43. Therefore, 
the problem in the conventional liquid-detecting device that the 

30 piezoelectric film is cracked in the position corresponding to the 
periphery of the cavity can be solved. 

Further, since the area of contact between the vibration 
part 61 and a liquid is limited to the area of existence of the 
cavity 43, it is possible to detect a liquid at a pin point, thus the 

35 ink level in the ink cartridge can be detected with high accuracy. 

Fig. 4 shows the liquid-detecting device 60 used in this 
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embodiment and equivalent circuits thereof. The 
liquid-detecting device 60 detects the resonance frequency by 
the residual vibration, thereby detects changes in the acoustic 
impedance and detects the liquid consumption state in the ink 
5 cartridge. 

Figs. 4(A) and 4(B) show the equivalent circuits of the 
liquid-detecting device 60. Further, Figs. 4(C) and 4(D) 
respectively show the periphery including the liquid-detecting 
device 60 and equivalent circuits thereof when the ink cartridge 
10 7 is filled with ink and Figs. 4(E) and 4(F) respectively show the 
periphery including the liquid-detecting device 60 and 
equivalent circuits thereof when there is no ink in the ink 
cartridge 7. 

The liquid-detecting device 60 shown in Figs. 2 to 4 is 

15 mounted at a predetermined position of the container body of 
the ink cartridge 7 so that the cavity 43 makes contact with a 
liquid (ink) stored in the container body. Namely, at least a 
part of the vibration part 61 of the liquid-detecting device 60 is 
exposed in the storage space of the container body. When a 

20 liquid is sufficiently stored in the container body, the inside and 
outside of the cavity 43 is filled with a liquid. 

On the other hand, when the liquid (ink) in the container 
body of the ink cartridge 7 is consumed and the liquid level falls 
below the mounting position (strictly speaking, the position of 

25 the cavity 43) of the liquid-detecting device 60, a state that 
there is no liquid in the cavity 43 or a state that a liquid 
remains only in the cavity 43 and gas exists outside it appears. 

The liquid-detecting device 60 detects differences in the 
acoustic impedance due to changes in the state. By doing this, 

30 the liquid-detecting device 60 can detect whether a liquid is 
sufficiently stored in the container body or a liquid of more than 
a predetermined amount is consumed. 

Next, the principle of liquid level detection by the 
liquid-detecting device 60 of this embodiment will be explained. 

35 The liquid-detecting device 60 can detect changes in the 

acoustic impedance of a liquid using changes in the resonance 



frequency. The resonance frequency can be detected by 
measuring counter electromotive force generated by the 
residual vibration remaining in the vibration part 61 after the 
vibration part 61 of the liquid-detecting device 60 vibrates. 
5 Namely, when a driving pulse is applied to the piezoelectric 
layer 47 of the liquid-detecting device 60, and the vibration part 
61 is forcibly vibrated, and then the vibration part 61 vibrates 
freely, the piezoelectric layer 47 generates counter 
electromotive force by the residual vibration (free vibration) of 

10 the vibration part 61 of the liquid-detecting device 60. The 
magnitude of the counter electromotive force is changed 
depending on the amplitude of the vibration part 61 of the 
liquid-detecting device 60. Therefore, as the amplitude of the 
residual vibration (free vibration) of the vibration part 61 of the 

15 liquid-detecting device 60 increases, the output of the counter 
electromotive force can be detected easily. 

Further, by the frequency of the residual vibration of the 
vibration part 61 of the liquid-detecting device 60, the cycle of 
changing the magnitude of the counter electromotive force is 

20 changed. Namely, the frequency of the vibration part 61 of the 
liquid-detecting device 60 corresponds to the frequency of the 
counter electromotive force. Here, the resonance frequency is 
referred to as the frequency when the vibration part 61 of the 
liquid-detecting device 60 and a medium in contact with the 

25 vibration part 61 are in a resonance state. 

When a liquid (ink) is sufficiently stored in the container 
body of the ink cartridge 7, the cavity 43 of the liquid-detecting 
device 60 is filled with a liquid and the vibration part 61 is in 
contact with a liquid in the container body at the bottom 43a of 

30 the cavity 43. On the other hand, when a liquid is not stored 
sufficiently in the container body, the vibration part 61 of the 
liquid-detecting device 60 makes contact with the residual liquid 
in the cavity 43 or makes contact with gas or a vacuum instead 
of a liquid. 

35 Next, by referring to Figs. 2 to 4, from the resonance 

frequency between a medium and the vibration part 61 of the 
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liquid-detecting device 60 which is obtained by measurement of 
the counter electromotive force, the operation and principle of 
detecting the state of a liquid in the container body of the ink 
cartridge 7 will be explained. 
5 In the liquid-detecting device 60, via the upper electrode 

terminal 45 and the lower electrode terminal 44, a voltage is 
applied to the upper electrode 49 and the lower electrode 46. 
Then, at the part of the piezoelectric layer 47 which is held by 
the upper electrode 49 and the lower electrode 46, an electric 

10 field is generated. By this electric field, the piezoelectric layer 
47 is deformed. When the piezoelectric layer 47 is deformed, 
the vibration area (the area corresponding to the bottom 43a of 
the cavity 43) of the vibration plate 42 makes a flexible 
vibration. After forcible deformation of the piezoelectric layer 

15 47, for a little while, the flexible vibration remains in the 
vibration part 61 of the liquid-detecting device 60. 

This residual vibration is a free vibration of the vibration 
part 61 of the liquid-detecting device 60 and the medium. 
Therefore, when the voltage applied to the piezoelectric layer 47 

20 is set to a pulse waveform or a square wave, the resonance 
state between the vibration part 61 and the medium after 
application of the voltage can be obtained easily. The residual 
vibration is a vibration of the vibration part 61 of the 
liquid-detecting device 60 and it is accompanied by deformation 

25 of the piezoelectric layer 47. Therefore, in correspondence to 
the residual vibration, the piezoelectric layer 47 generates 
counter electromotive force. The counter electromotive force is 
detected via the upper electrode 49, the lower electrode 46, the 
upper electrode terminal 45, and the lower electrode terminal 

30 44. By the detected counter electromotive force, the resonance 
frequency can be identified, so that on the basis of the 
resonance frequency, the existence of a liquid (ink) in the 
container body of the ink cartridge 7 can be detected. 

Generally, the resonance frequency fs is expressed by: 

35 f s = 1 / (27t*(M*Cact) 1/2 ) — (Formula 1) 

where M indicates the sum of inertance Mact of the vibration 



part 61 and additional inertance M' and Cact indicates 
compliance of the vibration part 61. 

Figs. 4(A) and 4(B) show the equivalent circuits of the 
vibration part 61 of the liquid-detecting device 60 and the cavity 
5 43 when no ink remains in the cavity 43. 

Mact indicates the quotient obtained by dividing the 
product of the thickness of the vibration part 61 and the density 
of the vibration part 61 by the area of the vibration part 61 and 
it is expressed by the following in detail as shown in Fig. 4(A): 
10 Mact = Mpzt + Melectrode 1 + Melectrode 2 + Mvib — 

(Formula 2) 

Where Mpzt indicates the quotient obtained by dividing the 
product of the thickness of the piezoelectric layer 47 of the 
vibration part 61 and the density of the piezoelectric layer 47 by 

15 the area of the piezoelectric layer 47, and Melectrode 1 
indicates the quotient obtained by dividing the product of the 
thickness of the upper electrode 49 of the vibration part 61 and 
the density of the upper electrode 49 by the area of the upper 
electrode 49, and Melectrode 2 indicates the quotient obtained 

20 by dividing the product of the thickness of the lower electrode 
46 of the vibration part 61 and the density of the lower 
electrode 46 by the area of the lower electrode 46, and Mvib 
indicates the quotient obtained by dividing the product of the 
thickness of the vibration plate 42 of the vibration part 61 and 

25 the density of the vibration plate 42 by the area of the vibration 
area of the vibration plate 42. 

However, to calculate Mact from the thickness, density, and 
area of the overall vibration part 61, although the areas of the 
piezoelectric layer 47, the upper electrode 49, the lower 

30 electrode 46, and the vibration area of the vibration plate 42 
have the magnitude relations as described above, differences 
between mutual areas are preferably minute. 

Further, in this embodiment, in the piezoelectric layer 47, 
the upper electrode 49, and the lower electrode 46, the parts 

35 other than the circular main portions 47a, 49a, and 46a which 
are essential sections thereof are preferably as minute as 
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negligible for the main portions. Therefore, in the 
liquid-detecting device 60, Mact indicates the sum of inertance 
of the upper electrode 49, the lower electrode 46, the 
piezoelectric layer 47, and the vibration area of the vibration 
5 plate 42. Further, the compliance Cact indicates the 
compliance of the part formed by the upper electrode 49, the 
lower electrode 46, the piezoelectric layer 47, and the vibration 
area of the vibration plate 42. 

Further, Figs. 4(A), (B), (D), and (F) show the equivalent 

10 circuits of the vibration part 61 of the liquid-detecting device 60 
and the cavity 43 and in the equivalent circuits, and Cact 
indicates the compliance of the vibration part 61 of the 
liquid-detecting device 60. Cpzt, Celectrode 1, Celectrode 2, 
and Cvib respectively indicate the compliances of the 

15 piezoelectric layer 47 of the vibration part 61, the upper 
electrode 49, the lower electrode 46, and the vibration plate 42. 
Cact is expressed by the following formula 3: 

1/Cact = (1/Cpzt) + (1/Celectrode 1) + (1/Celectrode 2) + 
(1/Cvib) — (Formula 3) 

20 From the formulas 2 and 3, Fig. 4(A) can be shown as Fig. 

4(B) 

The compliance Cact indicates the volume of a medium 
received by deformation when pressure is applied to a unit area. 
Namely, the compliance Cact indicates deformability. 

25 Fig. 4(C) shows a sectional view of the liquid-detecting 

device 60 when a liquid is sufficiently stored in the container 
body of the ink cartridge 7 and the periphery of the vibration 
part 61 of the liquid-detecting device 60 is filled with a liquid. 
M'max shown in Fig. 4(C) indicates the maximum value of the 

30 additional inertance (the additional weight (the weight affecting 
the vibration of the vibration area) is divided by the square of 
the area) when a liquid is sufficiently stored in the container 
body of the ink cartridge 7 and the periphery of the vibration 
part 61 of the liquid-detecting device 60 is filled with a liquid. 

35 M' max is expressed by: 

M' max = (7i*p/(2*k 3 ))*(2*(2*k*a) 3 /(3*7c))/(7c*a 2 ) 2 
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— (Formula 4) 

where a indicates the radius of the vibration part, and p 
indicates the density of the medium, and k indicates the wave 
number. 

5 Further, Formula 4 is held when the vibration part 61 of 

the liquid-detecting device 60 is a circle with a diameter of a. 
The addition inertance M' indicates an amount indicating that by 
a medium in the neighborhood of the vibration part 61, the 
weight of the vibration part 61 is increased apparently. As 

10 shown in Formula 4, M' max is greatly changed by the radius a 
of the vibration part 61 and the density p of the medium. The 
wave number k is expressed by: 

k = 2*7i*fact/c (Formula 5) 
where fact indicates the resonance frequency of the vibration 

15 part 61 and c indicates the acoustic speed propagated in the 
medium. 

Fig. 4(D) shows an equivalent circuit of the vibration part 
61 of the liquid-detecting device 60 and the cavity 43 shown in 
Fig. 4(C) when a liquid is sufficiently stored in the container 

20 body of the ink cartridge 7 and the periphery of the vibration 
part 61 of the liquid-detecting device 60 is filled with a liquid. 

Fig. 4(E) shows a sectional view of the liquid-detecting 
device 60 when the liquid in the container body of the ink 
cartridge 7 is consumed, and although there is no liquid around 

25 the vibration part 61 of the liquid-detecting device 60, a liquid 
remains in the cavity 43 of the liquid-detecting device 60. 

Formula 4 is a formula indicating the maximum inertance 
M' max decided from the density p of ink when the container 
body of the ink cartridge 7 is filled with a liquid. On the other 

30 hand, the additional inertance M' when the liquid in the 
container body is consumed and while a liquid remains in the 
cavity 43, the liquid around the vibration part 61 of the 
liquid-detecting device 60 is replaced with gas or a vacuum is 
generally expressed by (more in detail, refer to Formula 8 

35 described later): 

M' = p*t/S — (Formula 6) 



where t indicates the thickness of the medium concerning the 
vibration and S indicates the area of the vibration part 61 of the 
liquid-detecting device 60, which is n * a 2 when the vibration 
part 61 is a circle with a radius of a). 
5 Therefore, the additional inertance M' follows Formula 4 

when a liquid is sufficiently stored in the container body and the 
periphery of the vibration part 61 of the liquid-detecting device 

60 is filled with a liquid. On the other hand, when the liquid is 
consumed and while a liquid remains in the cavity 43, the liquid 

10 around the vibration part 61 of the liquid-detecting device 60 is 
replaced with gas or a vacuum, it follows Formula 6. 

Here, as shown in Fig. 4(E), the additional inertance M' 
when the liquid in the container body of the ink cartridge 7 is 
consumed, and there is no liquid around the vibration part 61 of 

15 the liquid-detecting device 60, though a liquid remains in the 
cavity 43 of the liquid-detecting device 60 is assumed as M' cav 
for convenience to distinguish it from the additional inertance M' 
max when the periphery of the vibration part 61 of the 
liquid-detecting device 60 is filled with a liquid. 

20 Fig. 4(F) shows an equivalent circuit of the vibration part 

61 of the liquid-detecting device 60 and the cavity 43 shown in 
Fig. 4(E) when the liquid in the container body of the ink 
cartridge 7 is consumed, and although there is no liquid around 
the vibration part 61 of the liquid-detecting device 60, a liquid 

25 remains in the cavity 43 of the liquid-detecting device 60. 

Here, the parameters concerning the medium state, in 
Formula 6, are the medium density p and the medium thickness 
t. When a liquid is sufficiently stored in the container body, the 
liquid is in contact with the vibration part 61 of the 

30 liquid-detecting device 60. On the other hand, when a liquid is 
not stored sufficiently in the container body, a liquid remains in 
the cavity 43 or gas or a vacuum is in contact with the vibration 
part 61 of the liquid-detecting device 60. The additional 
inertance M' var in the course that the liquid around the 

35 liquid-detecting device 60 is consumed and M' max shown in Fig. 
4(C) moves to M' cav shown in Fig. 4(E) is changed depending 



29 



on the storage state of a liquid in the container body in 
correspondence to changes in the medium density p and the 
medium thickness t. By doing this, the resonance frequency fs 
is also changed. Therefore, when the resonance frequency fs is 
5 identified, the liquid amount in the container body can be 
detected. 

Here, as shown in Fig. 4(E), assuming as t = d, by 
substituting the depth d of the cavity for t in Formula 6, M' cav 
is expressed by: 

10 M' cav = p*d/S --- (Formula 7) 

Further, when the medium is a different kind of liquid, the 
density p is different depending on the difference in the 
composition, so that the additional inertance M' and the 
resonance frequency fs are different. Therefore, when the 

15 resonance frequency fs is identified, the liquid kind can be 
detected. 

Fig. 5A is a graph showing the relationship between the ink 
amount in the container body of the ink cartridge 7, the ink, 
and the resonance frequency fs of the vibration part. The 

20 ordinate axis indicates the resonance frequency fs and the 
abscissa axis indicates the ink amount. 

When ink is sufficiently stored in the container body of the 
ink cartridge 7 and the periphery of the vibration part 61 of the 
liquid-detecting device 60 is filled with ink, the maximum 

25 additional inertance NT max is the value indicated by Formula 4. 
On the other hand, when the ink is consumed and while ink 
remains in the cavity 43, the periphery of the vibration part 61 
of the liquid-detecting device 60 is not filled with ink, the 
additional inertance M' var is calculated from Formula 6 on the 

30 basis of the medium thickness t. t in Formula 6 is the medium 
thickness concerning the vibration, so that when the depth d of 
the cavity 43 of the liquid-detecting device 60 in which ink 
remains is made smaller, that is, the substrate 41 is made thin 
sufficiently, the course that ink is slowly consumed can be 

35 detected (refer to Fig. 4(C)). Here, t-ink indicates the 
thickness of ink concerning the vibration and t ink-max indicates 
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t ink of M' max. 

For example, the liquid-detecting device 60 is arranged on 
the bottom of the ink cartridge almost horizontally with the ink 
level. In this case, when the ink is consumed and the ink level 
5 drops below the height t-ink-max from the liquid-detecting 
device 60, by Formula 6, M' var is slowly changed and by 
Formula 1, the resonance frequency fs is slowly changed. 
Therefore, as long as the ink level is within the range t, the 
liquid-detecting device 60 can slowly detect the ink consumption 
10 state. 

Or, the liquid-detecting device 60 is arranged on the side 
wall of the ink cartridge almost perpendicularly to the ink level. 
In this case, when the ink is consumed and the ink level reaches 
the vibration part 61 of the liquid-detecting device 60, in 

15 correspondence to the fall of the liquid level, the additional 
inertance M' is reduced. Accordingly, by Formula 1, the 
resonance frequency fs slowly increases. Therefore, as long as 
the ink level is within the range of the diameter 2a (refer to Fig. 
4(C)) of the cavity 43, the liquid-detecting device 60 can slowly 

20 detect the ink consumption state. 

The curve X shown in Fig. 5A indicates the relationship 
between the ink amount stored in the container body, the ink, 
and the resonance frequency fs of the vibration part 61 when 
the cavity 43 of the liquid-detecting device 60 arranged on the 

25 bottom is made sufficiently shallow or the vibration part 61 of 
the liquid-detecting device 60 arranged on the side wall is made 
sufficiently large or long. The situation that the ink amount in 
the container body is slowly reduced and the ink and resonance 
frequency fs of the vibration part 61 are slowly changed can be 

30 understood. 

More in detail, the case that the course that ink is slowly 
consumed can be detected is a case that in the periphery of the 
vibration part 61 of the liquid-detecting device 60, a liquid and 
gas which are different in the density coexist and are concerned 

35 with the vibration. As ink is slowly consumed, in the periphery 
of the vibration part 61 of the liquid-detecting device 60, among 



the media concerning the vibration, the liquid is reduced, while 
gas is increased. 

For example, when the liquid-detecting device 60 is 
arranged horizontally with the ink level and t ink is smaller than 
5 t ink-max, the media concerning the vibration of the 
liquid-detecting device 60 include both ink and gas. Therefore, 
using the area S of the vibration part 61 of the liquid-detecting 
device 60, when expressing the state below M' max of Formula 
4 by the additional weight of ink and gas, the following is 
10 obtained: 

M' = M' air + M' ink = pair*t air/S +pink*t ink/S — 
(Formula 8) 

where NT air indicates inertance of air, M' ink inertance of ink, 
pair the density of ink,pink the density of ink, t air the thickness 

15 of air concerning the vibration, and t ink the thickness of ink 
concerning the vibration. 

Among the media concerning the vibration in the periphery 
of the vibration part 61 of the liquid-detecting device 60, as the 
liquid is reduced and gas is increased, when the liquid-detecting 

20 device 60 is arranged almost horizontally with the ink level, t air 
is increased and t ink is reduced. Accordingly, M' var is slowly 
reduced and the resonance frequency is slowly increased. 
Therefore, the ink amount remaining in the container body or 
the ink consumption amount can be detected. Further, the 

25 reason that Formula 7 is a formula of only the density of a liquid 
is that a case that the air density is as low as it can be ignored 
for the liquid density is supposed. 

When the liquid-detecting device 60 is arranged almost 
perpendicularly to the ink level, in the vibration part 61 of the 

30 liquid-detecting device 60, a parallel equivalent circuit (not 
shown in the drawing) of the region where the medium 
concerning the vibration of the liquid-detecting device 60 is only 
ink and the region where the medium concerning the vibration 
of the liquid-detecting device 60 is only gas may be considered. 

35 Assuming the area of the region where the medium concerning 
the vibration of the liquid-detecting device 60 is only ink as S 
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ink and the area of the region where the medium concerning the 
vibration of the liquid-detecting device 60 is only gas as S air, 
the following formula is obtained: 

1/M' = 1/M' air + 1/M' ink = S air/( P air * t air) + S 
5 ink/(pink*t ink) --- (Formula 9) 

Further, Formula 9 is applied to a case that no ink is 
preserved in the cavity 43 of the liquid-detecting device 60. 
The additional inertance when ink is preserved in the cavity 43 
of the liquid-detecting device 60 can be calculated by the sum 

10 of M' of Formula 9 and NT cav of Formula 7. 

The vibration of the vibration part 61 of the 
liquid-detecting device 60 is changed from the depth t ink-max 
to the depth d of remaining ink, so that when the 
liquid-detecting device 60 is arranged on the bottom under 

15 condition that the ink remaining depth is slightly smaller than t 
ink-max, the course that ink is slowly reduced cannot be 
detected. In this case, from the vibration change of the 
liquid-detecting device for a slight ink amount change from t 
ink-max to the remaining depth d, changing of the ink amount 

20 is detected. Further, when the liquid-detecting device 60 is 
arranged on the side and the diameter of the cavity 43 is small, 
the vibration change of the liquid-detecting device 60 during 
passing the cavity 43 is minute, so that it is difficult to detect 
the ink amount in the passing course and whether the ink level 

25 is higher or lower than the cavity 43 is detected. 

For example, the curve Y shown in Fig. 5A indicates the 
relationship between the ink amount in the container body, the 
ink, and the resonance frequency fs of the vibration part 61 
when the vibration part 61 forms a small circular vibration area. 

30 Between the differences Q in the ink amount before and after 
the ink level in the container body passes the mounting position 
of the liquid-detecting device 60, the situation that the 
resonance frequency fs between the ink and the vibration part 
61 is changed violently is shown. From this, whether a 

35 predetermined amount of ink remains in the container body or 
not can be detected on a binary basis, so that highly accurate 



detection can be performed. 

The method for detecting the existence of a liquid using 
the liquid-detecting device 60 like this detects the existence of 
ink by direct contact of the vibration part 61 with ink, so that 
5 compared with a method for calculating the ink consumption 
amount by software, the detection accuracy is high. 
Furthermore, a method for detecting the existence of ink by the 
conductivity using an electrode is affected by the mounting 
position of the electrode on the container body and the ink kind, 

10 though the method for detecting the existence of a liquid using 
the liquid-detecting device 60 is hardly affected by the 
mounting position of the liquid-detecting device 60 on the 
container body and the ink kind. 

Furthermore, both oscillation and liquid detection can be 

15 executed using a single liquid-detecting device 60, so that 
compared with a method for executing oscillation and liquid 
detection using different sensors, the number of sensors 
mounted on the container body can be reduced. Therefore, the 
ink cartridge 7 having the liquid amount detection function can 

20 be manufactured at low cost. Further, the oscillation frequency 
of the piezoelectric layer 47 is set within the non-audible range, 
thus the sound generated during operation of the 
liquid-detecting device 60 is preferably made quiet. 

Fig. 5B shows an example of the relationship between the 

25 ink density, the ink, and the resonance frequency fs of the 
vibration part 61. Here, "Ink full" and "Ink empty" (or "No 
ink") mean two relative states and do not mean the so-called 
ink full state and ink end state. As shown in Fig. 5B, when the 
ink density is high, the additional inertance is increased, so that 

30 the resonance frequency fs is reduced. Namely, the resonance 
frequency fs depends on the ink kind. Therefore, by measuring 
the resonance frequency fs, when re-charging ink, mixture of 
ink of different density can be confirmed. Namely, an ink 
cartridge 7 for storing a different kind of ink can be 

35 discriminated. 

Next, when the size and shape of the cavity 43 are set so 



that a liquid remains in the cavity 43 of the liquid-detecting 
device 60 even if the container body of the ink cartridge 7 
contains no ink, conditions for accurately detecting the liquid 
state will be described in detail. The liquid-detecting device 60, 
5 if it can detect the liquid state when the cavity 43 is filled with a 
liquid, even if the cavity 43 is not filled with a liquid, can detect 
the liquid state. 

The resonance frequency fs is a function of the inertance M. 
The inertance M is the sum of the inertance Mact of the 

10 vibration part 61 and the additional inertance M'. Here, the 
additional inertance M' is related to the liquid state. The 
additional inertance M' is an amount indicating that the weight 
of the vibration part 61 is increased apparently by a medium in 
the neighborhood of the vibration part 61. Namely, it is an 

15 increased amount of the weight of the vibration part 61 due to 
apparently absorbing the medium (the inertance concerning the 
vibration is increased) by the vibration of the vibration part 61. 

Therefore, when M' cav is larger than NT max of Formula 4, 
the medium apparently absorbed is all a liquid remaining in the 

20 cavity 43. Therefore, it is the same state as that when the 
container body is filled with a liquid. In this case, the medium 
concerning the vibration will not be smaller than M' max, so that 
even if ink is consumed, no changes can be detected. 

On the other hand, when M' cav is smaller than M' max of 

25 Formula 4, the medium apparently absorbed is a liquid 
remaining in the cavity 43 and gas in the container body or a 
vacuum. At this time, unlike the state that the container body 
is filled with a liquid, M' is changed, so that the resonance 
frequency fs is changed. Therefore, the liquid-detecting device 

30 60 can detect the liquid state in the container body. 

Namely, when the container body of the ink cartridge 7 
contains no liquid and a liquid remains in the cavity 43 of the 
liquid-detecting device 60, the condition under which the 
liquid-detecting device 60 can detect accurately the liquid state 

35 is that M' cav is smaller than M' max. Further, the condition M' 
max > M' cav under which the liquid-detecting device 60 can 
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detect accurately the liquid state does not depend on the shape 
of the cavity 43. 

Here, M' cav is weight inertance of a liquid in the almost 
same volume as that of the cavity 43. Therefore, from the 
5 inequality M' max > M' cav, the condition under which the 
liquid-detecting device 60 can detect accurately the liquid state 
can be expressed as a condition of the volume of the cavity 43. 
For example, assuming the radius of the circular cavity 43 as a 
and the depth of the cavity 43 as d, the following condition is 

10 obtained: 

M' max > p*d/jca 2 — (Formula 10) 
When Formula 10 is developed, the following condition is 
obtained: 

a/d > 3*7c/8 — (Formula 11) 

15 Therefore, when the liquid-detecting device 60 has a cavity 43 
in which the radius of an opening 161 satisfying Formula 11 is a 
and the depth of the cavity 43 is d, even if the container body 
contains no liquid and a liquid remains in the cavity 43, the 
liquid-detecting device 60 can detect the liquid state free of 

20 malfunctions. 

Further, Formulas 10 and 11 are held only when the cavity 
43 is circular. When the cavity 43 is not circular, by calculation 
by replacing na 2 of Formula 10 with the area thereof using the 
corresponding formula of M' max, the relationship between the 

25 dimensions of the cavity 43 such as the width and length and 
the depth thereof can be derived. 

Further, the additional inertance M' affects the acoustic 
impedance characteristics, so that it may be said that the 
method for measuring counter electromotive force generated in 

30 the liquid-detecting device 60 by the residual vibration detects 
at least changes in the acoustic impedance characteristics. 

Figs. 6A and 6B show a measuring method of the 
waveform of the residual vibration (free vibration) of the 
liquid-detecting device 60 and of the residual vibration after a 

35 driving signal is supplied to the liquid-detecting device 60 and 
the vibration part 61 is forcibly vibrated. Displacement of the 



liquid level up and down from the mounting position level of the 
liquid-detecting device 60 in the ink cartridge 7 can be detected 
by frequency changes and amplitude changes of the residual 
vibration after oscillation of the piezoelectric element of the 
5 liquid-detecting device 60. In Figs. 6A and 6B, the ordinate 
axis indicates the voltage of the counter electromotive force 
generated by the residual vibration of the liquid-detecting 
device 60 and the abscissa axis indicates the time. By the 
residual vibration of the liquid-detecting device 60, as shown in 

10 Figs. 6A and 6B, the waveform of an analog signal of the 
voltage is generated. Next, the analog signal is converted 
(binarized) to a digital numerical value corresponding to the 
frequency of the signal. In the examples shown in Figs. 6A and 
6B, the time required to generate four pulses from the fourth 

15 pulse of the analog signal to the eighth pulse is measured. 

More in detail, after oscillation of the liquid-detecting 
device 60, the number of times crossing a predetermined 
reference voltage from the low voltage side to the high voltage 
side is counted. And, a digital signal which is high between the 

20 count 4 and the count 8 is generated and the time from the 
count 4 to the count 8 is measured by a predetermined clock 
pulse. 

Fig. 6A shows the waveform when the liquid level is higher 
than the mounting position level of the liquid-detecting device 

25 60. On the other hand, Fig. 6B shows the waveform when the 
liquid level is lower than the mounting position level of the 
liquid-detecting device 60. By comparison of Fig. 6A with Fig. 
6B, it is found that the time from the count 4 to the count 8 
shown in Fig. 6A is longer than that shown in Fig. 6B. In other 

30 words, depending on the existence of ink on the mounting 
position level of the liquid-detecting device 60, the required 
time from the count 4 to the count 8 is different. Using the 
difference in the required time, the ink consumption state can 
be detected. 

35 The reason that the number of pulses is counted starting 

from the count 4 of the analog waveform is that the 
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measurement is started after the residual vibration (free 
vibration) of the liquid-detecting device 60 is stabilized. The 
count 4 is just an example and the measurement may be 
started from any count. Here, a signal from the count 4 to the 
5 count 8 is detected and the time from the count 4 to the count 
8 is measured by a predetermined clock pulse. On the basis of 
this time, the resonance frequency can be obtained. The clock 
pulse does not need to measure the time up to the count 8 and 
may measure up to an optional count. In Figs. 6A and 6B, the 

10 time from the count 4 to the count 8 is measured, though 
according to the circuit configuration for detecting the frequency, 
the time at a different count interval may be detected. 

For example, when the ink quality is stable and the peak 
amplitude is changed little, to speed up the detection,- the time 

15 from the count 4 to the count 6 is detected, thus the resonance 
frequency may be obtained. Further, when the ink quality is 
unstable and the peak amplitude is changed greatly, to 
accurately detect the residual vibration, the time from the count 
4 to the count 12 may be detected. 

20 Fig. 7 is a perspective view showing the constitution that 

the liquid-detecting device 60 is integrally formed as a mounting 
module body 100. The module body 100 is mounted at a 
predetermined position of the container body of the ink 
cartridge 7. The module body 100 is structured so as to detect 

25 at least changes in the acoustic impedance of the medium in the 
container body, thereby to detect the ink consumption state in 
the container body. 

The module body 100 in this embodiment has a container 
mounting unit 101 for mounting the liquid-detecting device 60 

30 on the container body. The container mounting unit 101 has a 
base 102 having an almost rectangular surface and a cylinder 
116 on the base 102 for storing the liquid-detecting device 60 
oscillating by a driving signal. Further, the module body 100 is 
structured, when it is mounted on the ink cartridge 7, so that 

35 the liquid-detecting device 60 of the module body 100 is free of 
contact from the outside. By doing this, the liquid-detecting 
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device 60 can be protected from contact with the outside. 
Further, the edge of the cylinder 116 on the end side is rounded, 
so that when mounting it into the hole formed in the ink 
cartridge 7 , it can be fit easily. 
5 Fig. 8 is an exploded view of the module body 100 shown 

in Fig. 7. The module body 100 includes the container 
mounting unit 101 made of resin and an apparatus mounting 
unit 105 (refer to Fig. 7) having a plate 110 and a concavity 
113. Furthermore, the module body 100 has lead wires 104a 

10 and 104b, the liquid-detecting device 60, and a film 108. The 
plate 110 is preferably formed from a hardly rust material such 
as stainless steel or a stainless steel alloy. 

In the cylinder 116 and the base 102 included in the 
container mounting unit 101, to store the lead wires 104a and 

15 104b, an opening 114 is formed at the center and to store the 
liquid-detecting device 60, the film 108, and the plate 110, the 
concavity 113 is formed around the opening 114. 

The liquid-detecting device 60 is joined to the plate 110 
via the film 108, and the plate 110 and the liquid-detecting 

20 device 60 are fixed to the concavity 113 (the container 
mounting unit 101). Therefore, the lead wires 104a and 104b, 
the liquid-detecting device 60, the film 108, and the plate 110 
are integrally mounted on the container mounting unit 101. 

The lead wires 104a and 104b are respectively joined to 

25 the upper electrode terminal 45 and the lower electrode 
terminal 44 of the liquid-detecting device 60, transfer a driving 
signal (driving pulse) to the piezoelectric layer 47, and transfer 
the signal of the resonance frequency detected by the 
liquid-detecting device 60 to the recording apparatus. 

30 The liquid-detecting device 60, on the basis of the driving 

signal transferred from the lead wires 104a and 104b, oscillates 
temporarily. Further, the liquid-detecting device 60 executes 
residual-vibration after oscillation and generates counter 
electromotive force by the vibration. At this time, by detection 

35 of the vibration cycle of the counter electromotive force 
waveform, the resonance frequency corresponding to the liquid 
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consumption state in the container body can be detected. 

The film 108 adheres the liquid-detecting device 60 to the 
plate 110 to make the liquid-detecting device 60 liquid-tight. 
The film 108 is preferably formed by polyolefin and adhered by 
5 thermal fusion. The liquid-detecting device 60 and the plate 
110 are adhered and fixed flatly by the film 108, thus variations 
due to the adhesion position are eliminated, and the parts other 
than the vibration part do not vibrate. Therefore, even if the 
liquid-detecting device 60 is adhered to the plate 110, the 
10 vibration characteristics of the liquid-detecting device 60 are not 
changed. 

Further, the plate 110 is circular and the opening 114 of 
the base 102 is formed in a cylindrical shape. The 
liquid-detecting device 60 and the film 108 are formed in a 

15 rectangular shape. The lead wires 104a and 104b, the 
liquid-detecting device 60, the film 108, and the plate 110 may 
be removably attached to the base 102. The base 102, the 
lead wires 104a and 104b, the liquid-detecting device 60, the 
film 108, and the plate 110 are arranged symmetrically about 

20 the central axis of the module body 100. Further, the centers 
of the base 102, the liquid-detecting device 60, the film 108, 
and the plate 110 are arranged almost on the central axis of the 
module body 100. 

Further, the area of the opening 114 of the base 102 is 

25 formed larger than the area of the vibration region of the 
liquid-detecting device 60. At the center of the plate 110 
facing the vibration part of the liquid-detecting device 60, a 
through hole 112 is formed. As shown in Figs. 2 to 4, in the 
liquid-detecting device 60, the cavity 43 is formed and the 

30 through hole 112 and the cavity 43 form an ink reservoir. The 
thickness of the plate 110, to decrease the effect of residual ink, 
is preferably smaller than the diameter of the through hole 112. 
For example, the depth of the through hole 112 is preferably 
equal to or smaller than 1/3 of the diameter thereof. The 

35 through hole 112 is in an almost circle shape symmetrical about 
the central axis of the module body 100. Further, the area of 



the through hole 112 is larger than the area of the opening of 
the cavity 43 of the liquid-detecting device 60. The periphery 
of the section of the through hole 112 may be tapered or 
stepped. 

5 The module body 100, so that the through hole 112 is 

directed inward the container body, is mounted on the side, top, 
or bottom of the container body. When ink is consumed and 
ink around the liquid-detecting device 60 is exhausted, since the 
resonance frequency of the liquid-detecting device 60 is 

10 changed greatly, changes in the ink level can be detected. 

Fig. 9 is a sectional view of the neighborhood of the 
bottom of a container body 7a when the module body 100 
shown in Fig. 7 is mounted on the container body 7a of the ink 
cartridge 7. The module body 100 is mounted in the through 

15 hole formed in the side wall of the container body 7a. On the 
joined face between the side wall of the container body 7a and 
the module body 100, an O-ring 90 is installed to keep the 
module body 100 and the container body 7a liquid-tight. The 
gap can be sealed by the O-ring 90 like this, so that the module 

20 body 100, as explained in Fig. 7, preferably has a cylinder. 

Since the end of the module body 100 is exposed in an ink 
storage space 7b of the container body 7a, via the through hole 
112 of the plate 110, ink in the container body 7a makes 
contact with the liquid-detecting device 60. Depending on 

25 whether the periphery of the vibration part of the 
liquid-detecting device 60 is a liquid or gas, the resonance 
frequency of the residual vibration of the liquid-detecting device 
60 is different, so that the ink consumption state can be 
detected using the module body 100. 

30 Next, a liquid-detecting device according to another 

embodiment of the present invention and an ink cartridge 
(liquid container) having the liquid-detecting device will be 
explained by referring to the drawings. 

Figs. 10, 11A, and 11B are drawings showing a 

35 liquid-detecting device 260 of this embodiment, and the 
liquid-detecting device 260 has a base 240 formed by 
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laminating a vibration plate 242 on a substrate 241, and the 
base 240 has a first face 240a and a second face 240b opposite 
to each other. On the base 240, a circular cavity (concavity) 
243 for receiving a medium to be detected is formed so as to be 
5 opened on the side of the first face 240a and a bottom 243a of 
the cavity 243 is configured to be capable of vibrating by the 
vibration plate 242. In other words, the part of the overall 
vibration plate 242 which vibrates actually is defined at the 
contour thereof by the cavity 243. At both ends of the base 

10 240 on the side of the second face 240b, a lower electrode 
terminal 244 and an upper electrode terminal 245 are formed. 

On the second face 240b of the base 240, a lower 
electrode (first electrode) 246 is formed and the lower electrode 
246 has a circular main portion 246a and an extension part 

15 246b which extends from the main portion 246a toward the 
lower electrode terminal 244 and is connected to the lower 
electrode terminal 244. The center of the circular main portion 
246a of the lower electrode 246 coincides with the center of the 
cavity 243. 

20 The circular main portion 246a of the lower electrode 246 

is formed in a diameter larger than that of the circular cavity 
243 and covers overall the area corresponding to the cavity 
243. 

On the lower electrode 246, a piezoelectric layer 247 is 
25 laminated and the piezoelectric layer 247 has a circular main 
portion 247a formed in a diameter smaller than that of the 
cavity 243 and an extension part 247b extending from the main 
portion 247a up to the outside of the area corresponding to the 
bottom of the cavity 243 beyond the position corresponding to 
30 the periphery of the cavity 243. 

On the piezoelectric layer 247, a circular main portion 
249a of an upper electrode (second electrode) 249 is laminated 
and the main portion 249a of the upper electrode 249 is formed 
in a diameter smaller than that of the main portion 247a of the 
35 piezoelectric layer 247. Further, the upper electrode 249 has 
an extension part 249b which extends from the main portion 



249a, extends on the extension part 247b of the piezoelectric 
layer 247, and extends up to the outside of the area 
corresponding to the bottom of the cavity 243. The extension 
part 249b extends beyond the extension part 247b of the 
5 piezoelectric layer 247 and is connected to the upper electrode 
terminal 245. 

As mentioned above, the main portion 247a of the 
piezoelectric layer 247 is structured so as to be held by the 
main portion 249a of the upper electrode 249 and the main 

10 portion 246a of the lower electrode 246. By doing this, the 
piezoelectric layer 247 can be driven to effectively deform. 

As mentioned above, the main portion 249a of the upper 
electrode 249 is formed in a diameter smaller than that of the 
main portion 247a of the piezoelectric layer 247. On the other 

15 hand, the main portion 246a of the lower electrode 246 covers 
overall the main portion 247a of the piezoelectric layer 247. 
Therefore, the main portion 249a of the upper electrode 249 
decides the area of the part of overall the piezoelectric layer 
247 where the piezoelectric effect is produced. 

20 Further, the members included in the liquid-detecting 

device 260 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 260 is 
integrally formed like this, the liquid-detecting device 260 can 
be handled easily. 

25 As a material of the piezoelectric layer 247, it is preferable 

to use zirconium acid titanate (PZT), zirconium acid titanate 
lantern (PLZT), or a lead-less piezoelectric film using no lead. 
As a material of the substrate 241, it is preferable to use 
zirconia or alumina. Further, the vibration plate 242 preferably 

30 uses the same material as that of the substrate 241. The 
upper electrode 249, the lower electrode 246, the upper 
electrode terminal 245, and the lower electrode terminal 244 
can be made with a conductive material, for example, metals of 
gold, silver, copper, platinum, aluminum, and nickel. 

35 With respect to the main portion 247a of the piezoelectric 

layer 247, the main portion 249a of the upper electrode 249, 
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and the main portion 246a of the lower electrode 246, the 
centers thereof coincide with the center of the cavity 243. 
Further, the center of the circular cavity 243 for deciding the 
vibratable part of the vibration plate 242 is positioned at the 
5 center of the overall liquid-detecting device 260. 

The vibratable part of the vibration plate 242 specified by 
the cavity 243, the part of the main portion 246a of the lower 
electrode 246 corresponding to the cavity 243, the main portion 
247a and the part of the extension part 247b of the 

10 piezoelectric layer 247 corresponding to the cavity 243, and the 
main portion 249a and the part of the extension part 249b of 
the upper electrode 249 corresponding to the cavity 243 
constitute the vibration part 261 of the liquid-detecting device 
260. And, the center of the vibration part 261 of the 

15 liquid-detecting device 260 coincides with the center of the 
liquid-detecting device 260. 

Furthermore, the main portion 247a of the piezoelectric 
layer 247, the main portion 249a of the upper electrode 249, 
the main portion 246a of the lower electrode 246, and the 

20 vibratable part (that is, the part corresponding to the bottom 
243a of the cavity 243) of the vibration plate 242 are circular, 
so that the vibration part 261 of the liquid-detecting device 260 
is almost symmetrical about the center of the liquid-detecting 
device 260. 

25 As mentioned above, in this embodiment, the overall area 

corresponding to the cavity 243 is covered by the main portion 
246a of the lower electrode 246, thereby, the difference 
between the deformation mode at the time of forcible vibration 
and the deformation mode at the time of free vibration is 

30 reduced compared with the conventional art. Further, the 
vibration part 261 of the liquid-detecting device 260 is almost 
symmetrical about the center of the liquid-detecting device 260, 
thereby, the rigidity of the vibration part 261 is almost isotropic 
viewed from the center. 

35 Therefore, generation of an unnecessary vibration caused 

by the asymmetrical structure is suppressed and the reduction 
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in the output of the counter electromotive force due to the 
difference in the deformation mode between the time of forcible 
vibration and the time of free vibration is prevented. By doing 
this, the detection accuracy of the resonance frequency of the 
5 residual vibration of the vibration part 261 of the 
liquid-detecting device 260 is improved and the residual 
vibration of the vibration part 261 can be detected easily. 

Further, the overall area corresponding to the cavity 243 is 
covered by the main portion 246a of the lower electrode 246 
10 having a diameter larger than that of the cavity 243, thereby, 
the generation of an unnecessary vibration due to the 
displacement of the lower electrode 246 during manufacture is 
prevented and the reduction in the detection accuracy can be 
prevented. 

15 Further, the area of contact between the vibration part 261 

of the liquid-detecting device 260 and a liquid is limited to the 
area of existence of the cavity 243, thereby, it is possible to 
detect a liquid at a pin point, thus the ink level in the ink 
cartridge 7 can be detected with high accuracy. 

20 As a modification of this embodiment, as shown in Fig. 12, 

between the extension part 249b of the upper electrode 249 
and the piezoelectric layer 247, an insulating layer 250 may be 
arranged. By the existence of the insulating layer 250, the 
range of the part of the overall piezoelectric layer 247 where the 

25 piezoelectric effect is produced becomes circular, thus the 
symmetry thereof is enhanced, and the generation of 
unnecessary vibration can be suppressed more. 

Next, a liquid-detecting device according to still another 
embodiment of the present invention and an ink cartridge 

30 (liquid container) having the liquid-detecting device will be 
explained by referring to the drawings. 

Figs. 13, 14A, and 14B are drawings showing a 
liquid-detecting device 360 of this embodiment, and the 
liquid-detecting device 360 has a base 340 formed by 

35 laminating a vibration plate 342 on a substrate 341, and the 
base 340 has a first face 340a and a second face 340b opposite 



to each other. On the base 340, a circular cavity (concavity) 
343 for receiving a medium to be detected is formed so as to be 
opened on the side of the first face 340a and a bottom 343a of 
the cavity 343 is configured to be capable of vibrating by the 
5 vibration plate 342. In other words, the part of the overall 
vibration plate 342 which vibrates actually is defined at the 
contour thereof by the cavity 343. At both ends of the base 
340 on the side of the second face 340b, a lower electrode 
terminal 344 and an upper electrode terminal 345 are formed. 

10 On the second face 340b of the base 340, a lower 

electrode (first electrode) 346 is formed and the lower electrode 
346 has a circular main portion 346a and an extension part 
346b which extends from the main portion 346a toward the 
lower electrode terminal 344 and is connected to the lower 

15 electrode terminal 344. The center of the circular main portion 
346a of the lower electrode 346 coincides with the center of the 
cavity 343. 

The circular main portion 346a of the lower electrode 346 
is formed in a diameter larger than that of the circular cavity 
20 343 and covers overall the area corresponding to the cavity 
343. 

On the lower electrode 346, a piezoelectric layer 347 is 
laminated and the piezoelectric layer 347 has a circular main 
portion 347a which is formed in a diameter larger than that of 
25 the cavity 343 and covers overall the area corresponding to the 
cavity 343 and an extension part 347b extending from the main 
portion 347a. 

On the piezoelectric layer 347, a circular main portion 
349a of an upper electrode (second electrode) 349 is laminated 

30 and the main portion 349a of the upper electrode 349 is formed 
in a diameter smaller than that of the cavity 343 and is 
arranged within the area corresponding to the cavity 343. 
Further, the upper electrode 349 has an extension part 349b 
which extends from the main portion 349a and extends on the 

35 main portion 347a and the extension part 347b of the 
piezoelectric layer 347. The extension part 349b extends 



beyond the extension part 347b of the piezoelectric layer 347 
and is connected to the upper electrode terminal 345. 

As mentioned above, the main portion 347a of the 
piezoelectric layer 347 is structured so as to be held by the 
5 main portion 349a of the upper electrode 349 and the main 
portion 346a of the lower electrode 346. By doing this, the 
piezoelectric layer 347 can be driven to effectively deform. 

As mentioned above, the main portion 349a of the upper 
electrode 349 is formed in a diameter smaller than that of the 

10 main portion 347a of the piezoelectric layer 347. On the other 
hand, the main portion 346a of the lower electrode 346 covers 
overall the main portion 347a of the piezoelectric layer 347. 
Therefore, the main portion 349a of the upper electrode 349 
decides the area of the part of overall the piezoelectric layer 

15 347 where the piezoelectric effect is produced. 

Further, the members included in the liquid-detecting 
device 360 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 360 is 
integrally formed like this, the liquid-detecting device 360 can 

20 be handled easily. 

As a material of the piezoelectric layer 347, it is preferable 
to use zirconium acid titanate (PZT), zirconium acid titanate 
lantern (PLZT), or a lead-less piezoelectric film using no lead. 
As a material of the substrate 341, it is preferable to use 

25 zirconia or alumina. Further, the vibration plate 342 preferably 
uses the same material as that of the substrate 341. The 
upper electrode 349, the lower electrode 346, the upper 
electrode terminal 345, and the lower electrode terminal 344 
can use a conductive material, for example, metals of gold, 

30 silver, copper, platinum, aluminum, and nickel. 

With respect to the main portion 347a of the piezoelectric 
layer 347, the main portion 349a of the upper electrode 349, 
and the main portion 346a of the lower electrode 346, the 
centers thereof coincide with the center of the cavity 343. 

35 Further, the center of the circular cavity 343 for deciding the 
vibratable part of the vibration plate 342 is positioned at the 



center of the overall liquid-detecting device 360. 

The vibratable part of the vibration plate 342 specified by 
the cavity 343, the part of the main portion 346a of the lower 
electrode 346 corresponding to the cavity 343, the part of the 
5 main portion 347a of the piezoelectric layer 347 corresponding 
to the cavity 343, and the main portion 349a and the part of the 
extension part 349b of the upper electrode 349 corresponding 
to the cavity 343 constitute the vibration part 361 of the 
liquid-detecting device 360. And, the center of the vibration 

10 part 361 of the liquid-detecting device 360 coincides with the 
center of the liquid-detecting device 360. 

Furthermore, the main portion 347a of the piezoelectric 
layer 347, the main portion 349a of the upper electrode 349, 
the main portion 346a of the lower electrode 346, and the 

15 vibratable part (that is, the part corresponding to the bottom 
343a of the cavity 343) of the vibration plate 342 are circular, 
so that the vibration part 361 of the liquid-detecting device 360 
is almost symmetrical about the center of the liquid-detecting 
device 360. 

20 As mentioned above, in this embodiment, the overall area 

corresponding to the cavity 343 is covered by the main portion 
346a of the lower electrode 346 and the main portion 347a of 
the piezoelectric layer 347, so that the difference between the 
deformation mode at the time of forcible vibration and the 

25 deformation mode at the time of free vibration is reduced 
compared with the conventional art. Further, the vibration part 
361 of the liquid-detecting device 360 is almost symmetrical 
about the center of the liquid-detecting device 360, so that the 
rigidity of the vibration part 361 is almost isotropic viewed from 

30 the center. 

Therefore, generation of an unnecessary vibration caused 
by the asymmetrical structure is suppressed and the reduction 
in the output of the counter electromotive force due to the 
difference in the deformation mode between the time of forcible 

35 vibration and the time of free vibration is prevented. By doing 
this, the detection accuracy of the resonance frequency of the 
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residual vibration of the vibration part 361 of the 
liquid-detecting device 360 is improved and the residual 
vibration of the vibration part 361 can be detected easily. 

Further, the overall area corresponding to the cavity 343 is 
5 covered by the main portion 346a of the lower electrode 346 
having a diameter larger than that of the cavity 343, so that the 
generation of an unnecessary vibration due to the displacement 
of the lower electrode 346 during manufacture is prevented and 
the reduction in the detection accuracy can be prevented. 

10 Further, the area of contact between the vibration part 361 

of the liquid-detecting device 360 and a liquid is limited to the 
area of existence of the cavity 343, so that it is possible to 
detect a liquid at a pin point, thus the ink level in the ink 
cartridge 7 can be detected with high accuracy. 

15 As a modification of this embodiment, as shown in Fig. 15, 

between the extension part 349b of the upper electrode 349 
and the piezoelectric layer 347, an insulating layer 350 may be 
arranged. By the existence of the insulating layer 350, the 
range of the part of the overall piezoelectric layer 347 where the 

20 piezoelectric effect is produced becomes circular, thus the 
symmetry thereof is enhanced, and the generation of 
unnecessary vibration can be suppressed more. 

Next, a liquid-detecting device according to a further 
embodiment of the present invention and an ink cartridge 

25 (liquid container) having the liquid-detecting device will be 
explained by referring to the drawings. 

Figs. 16, 17A, and 17B are drawings showing a 
liquid-detecting device 460 of this embodiment, and the 
liquid-detecting device 460 has a base 440 formed by 

30 laminating a vibration plate 442 on a substrate 441, and the 
base 440 has a first face 440a and a second face 440b opposite 
to each other. On the base 440, a circular cavity (concavity) 
443 for receiving a medium to be detected is formed so as to be 
opened on the side of the first face 440a and a bottom 443a of 

35 the cavity 443 is configured to be capable of vibrating by the 
vibration plate 442. In other words, the part of the overall 
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vibration plate 442 which vibrates actually is defined at the 
contour thereof by the cavity 443. At both ends of the base 
440 on the side of the second face 440b, a lower electrode 
terminal 444 and an upper electrode terminal 445 are formed. 
5 On the second face 440b of the base 440, a lower 

electrode (first electrode) 446 is formed and the lower electrode 

446 has a circular main portion 446a and an extension part 
446b which extends from the main portion 446a toward the 
lower electrode terminal 444 and is connected to the lower 

10 electrode terminal 444. The center of the circular main portion 
446a of the lower electrode 446 coincides with the center of the 
cavity 443. 

The circular main portion 446a of the lower electrode 446 
is formed in a diameter smaller than that of the circular cavity 
15 443 and is arranged within the area corresponding to the cavity 
443. The diameter of the main portion 446a of the lower 
electrode 446 is preferably equal to or more than 75% of the 
diameter of the cavity 443. 

On the main portion 446a of the lower electrode 446, a 
20 circular main portion 447a of a piezoelectric layer 447 is 
laminated and the main portion 447a of the piezoelectric layer 

447 has a smaller diameter than that of the main portion 446a 
of the lower electrode 446. An extension part 447b extends 
from the main portion 447a of the piezoelectric layer 447 and 

25 the extension part 447b of the piezoelectric layer 447 extends 
up to the outside of the area corresponding to the cavity 443. 

On the main portion 447a of the piezoelectric layer 447, a 
circular main portion 449a of an upper electrode (second 
electrode) 449 is laminated and the main portion 449a of the 

30 upper electrode 449 is formed in a diameter smaller than that of 
the main portion 447a of the piezoelectric layer 447. Further, 
the upper electrode 449 has an extension part 449b which 
extends from the main portion 449a and extends on the main 
portion 447a and the extension part 447b of the piezoelectric 

35 layer 447. The extension part 449b extends beyond the 
extension part 447b of the piezoelectric layer 447 and is 
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connected to the upper electrode terminal 445. 

As mentioned above, the main portion 447a of the 
piezoelectric layer 447 is structured so as to be held by the 
main portion 449a of the upper electrode 449 and the main 
5 portion 446a of the lower electrode 446. By doing this, the 
piezoelectric layer 447 can be driven to effectively deform. 

As mentioned above, the main portion 449a of the upper 
electrode 449 is formed in a diameter smaller than that of the 
main portion 447a of the piezoelectric layer 447. On the other 

10 hand, the main portion 446a of the lower electrode 446 covers 
overall the main portion 447a of the piezoelectric layer 447. 
Therefore, the main portion 449a of the upper electrode 449 
decides the area of the part of overall the piezoelectric layer 
447 where the piezoelectric effect is produced. 

15 Further, the members included in the liquid-detecting 

device 460 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 460 is 
integrally formed like this, the liquid-detecting device 460 can 
be handled easily. 

20 As a material of the piezoelectric layer 447, it is preferable 

to use zirconium acid titanate (PZT), zirconium acid titanate 
lantern (PLZT), or a lead-less piezoelectric film using no lead. 
As a material of the substrate 441, it is preferable to use 
zirconia or alumina. Further, the vibration plate 442 preferably 

25 uses the same material as that of the substrate 441. The 
upper electrode 449, the lower electrode 446, the upper 
electrode terminal 445, and the lower electrode terminal 444 
can use a conductive material, for example, metals of gold, 
silver, copper, platinum, aluminum, and nickel. 

30 With respect to the main portion 447a of the piezoelectric 

layer 447, the main portion 449a of the upper electrode 449, 
and the main portion 446a of the lower electrode 446, the 
centers thereof coincide with the center of the cavity 443. 
Further, the center of the circular cavity 443 for deciding the 

35 vibratable part of the vibration plate 442 is positioned at the 
center of the overall liquid-detecting device 460. 



The vibratable part of the vibration plate 442 specified by 
the cavity 443, the main portion 446a and the part of the 
extension part 446b of the lower electrode 446 corresponding to 
the cavity 443, and the main portion 447a and the part of the 
5 extension part 447b of the piezoelectric layer 447 corresponding 
to the cavity 443, and the main portion 449a and the part of the 
extension part 449b of the upper electrode 449 corresponding 
to the cavity 443 constitute the vibration part 461 of the 
liquid-detecting device 460. And, the center of the vibration 

10 part 461 of the liquid-detecting device 460 coincides with the 
center of the liquid-detecting device 460. 

Furthermore, the main portion 447a of the piezoelectric 
layer 447, the main portion 449a of the upper electrode 449, 
the main portion 446a of the lower electrode 446, and the 

15 vibratable part (that is, the part corresponding to the bottom 
443a of the cavity 443) of the vibration plate 442 are circular, 
so that the vibration part 461 of the liquid-detecting device 460 
is almost symmetrical about the center of the liquid-detecting 
device 460. 

20 As mentioned above, in this embodiment, the main portion 

446a of the lower electrode 446 is formed in a diameter larger 
than that of the main portion 447a of the piezoelectric layer 447 
and the area corresponding to the cavity 443 is covered by the 
main portion 446a of the lower electrode 446 within the wide 

25 range, so that the area of the thin part not covered by the main 
portion 446a of the lower electrode 446 becomes smaller. 
Therefore, during free vibration of the vibration part after 
forcible deformation, an unnecessary high order of vibration 
mode other than the vibration frequency necessary as a 

30 detection object can be prevented from excitation. Further, the 
phenomenon that only the thin part is greatly changed during 
free vibration, and the deformation amount of the piezoelectric 
layer 447 becomes smaller, and the output of the counter 
electromotive force is reduced is prevented and the difference 

35 between the deformation mode at the time of forcible vibration 
and the deformation mode at the time of free vibration is 
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reduced compared with the conventional art. 

As mentioned above, according to this embodiment, the 
generation of an unnecessary vibration caused by the 
asymmetrical structure is suppressed and the reduction in the 
5 output of the counter electromotive force due to the difference 
in the deformation mode between the time of forcible vibration 
and the time of free vibration is prevented. By doing this, the 
detection accuracy of the resonance frequency of the residual 
vibration of the vibration part 461 of the liquid-detecting device 

10 460 is improved and the residual vibration of the vibration part 
461 can be detected easily. 

Further, the main portion 447a of the piezoelectric layer 
447 laminated on the main portion 446a of the lower electrode 
446 is formed in a diameter smaller than that of the main 

15 portion 446a of the lower electrode 446, and the main portion 
449a of the upper electrode 449 laminated on the main portion 
447a of the piezoelectric layer 447 is formed in a diameter 
smaller than that of the main portion 447a of the piezoelectric 
layer 447, thereby, the part (for example, the main portion 

20 447a of the piezoelectric layer 447) formed later at the 
manufacture step has a smaller diameter than that of the part 
(for example, the main portion 446a of the lower electrode 446) 
formed earlier. Therefore, by confirming the position of the 
part formed earlier to the end, the next part can be formed, so 

25 that the positioning during lamination can be performed 
accurately. 

Further, the main portion 446a of the lower electrode 446 
is formed in a diameter larger than that of the main portion 
447a of the piezoelectric layer 447, thereby, the periphery of 

30 the main portion 446a of the lower electrode 446 can be 
brought close to the periphery of the bottom 443a of the cavity 
443, thus the area of the thin part not covered by the main 
portion 446a of the lower electrode 446 can be made smaller. 

Further, the area of contact between the vibration part 461 

35 of the liquid-detecting device 460 and a liquid is limited to the 
area of existence of the cavity 443, so that it is possible to 
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detect a liquid at a pin point, thus the ink level in the ink 
cartridge 7 can be detected with high accuracy. 

Next, a liquid-detecting device according to a still further 
embodiment of the present invention and an ink cartridge 
5 (liquid container) having the liquid-detecting device will be 
explained by referring to the drawings. 

Figs. 18, 19A, and 19B are drawings showing a 
liquid-detecting device 560 of this embodiment, and the 
liquid-detecting device 560 has a base 540 formed by 

10 laminating a vibration plate 542 on a substrate 541, and the 
base 540 has a first face 540a and a second face 540b opposite 
to each other. On the base 540, a circular cavity (concavity) 
543 for receiving a medium to be detected is formed so as to be 
opened on the side of the first face 540a and a bottom 543a of 

15 the cavity 543 is configured to be capable of vibrating by the 
vibration plate 542. In other words, the part of the overall 
vibration plate 542 which vibrates actually is defined at the 
contour thereof by the cavity 543. At both ends of the base 
540 on the side of the second face 540b, a lower electrode 

20 terminal 544 and an upper electrode terminal 545 are formed. 

On the second face 540b of the base 540, a lower 
electrode (first electrode) 546 is formed and the lower electrode 
546 has a circular main portion 546a and an extension part 
546b which extends from the main portion 546a toward the 

25 lower electrode terminal 544 and is connected to the lower 
electrode terminal 544. The center of the circular main portion 
546a of the lower electrode 546 coincides with the center of the 
cavity 543. 

The circular main portion 546a of the lower electrode 546 
30 is formed in a diameter larger than that of the circular cavity 
543 and covers overall the area corresponding to the cavity 
543. 

On the lower electrode 546, a piezoelectric layer 547 is 
laminated and the piezoelectric layer 547 has a circular main 
35 portion 547a which is formed in a diameter larger than that of 
the cavity 543 and covers overall the area corresponding to the 



cavity 543 and an extension part 547b extending from the main 
portion 547a. 

On the piezoelectric layer 547, a circular ring-shaped main 
portion 549a of an upper electrode (second electrode) 549 is 
5 laminated and the main portion 549a of the upper electrode 549 
is formed in an outer diameter smaller than that of the cavity 
543 and is arranged within the area corresponding to the cavity 
543. Further, the upper electrode 549 has an extension part 
549b which extends from the main portion 549a and extends on 

10 the main portion 547a and the extension part 547b of the 
piezoelectric layer 547. The extension part 549b extends 
beyond the extension part 547b of the piezoelectric layer 547 
and is connected to the upper electrode terminal 545. 

As mentioned above, the main portion 547a of the 

15 piezoelectric layer 547 is structured so as to be held by the 
main portion 549a of the upper electrode 549 and the main 
portion 546a of the lower electrode 546. By doing this, the 
piezoelectric layer 547 can be driven to effectively deform. 

As mentioned above, the main portion 549a of the upper 

20 electrode 549 is formed in a diameter smaller than that of the 
main portion 547a of the piezoelectric layer 547. On the other 
hand, the main portion 546a of the lower electrode 546 covers 
overall the main portion 547a of the piezoelectric layer 547. 
Therefore, the main portion 549a of the upper electrode 549 

25 decides the area of the part of overall the piezoelectric layer 
547 where the piezoelectric effect is produced. 

Further, the members included in the liquid-detecting 
device 560 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 560 is 

30 integrally formed like this, the liquid-detecting device 560 can 
be handled easily. 

As a material of the piezoelectric layer 547, it is preferable 
to use zirconium acid titanate (PZT), zirconium acid titanate 
lantern (PLZT), or a lead-less piezoelectric film using no lead. 

35 As a material of the substrate 541, it is preferable to use 
zirconia or alumina. Further, the vibration plate 542 preferably 
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uses the same material as that of the substrate 541. The 
upper electrode 549, the lower electrode 546, the upper 
electrode terminal 545, and the lower electrode terminal 544 
can be made with a conductive material, for example, metals of 
5 gold, silver, copper, platinum, aluminum, and nickel. 

With respect to the main portion 547a of the piezoelectric 
layer 547, the main portion 549a of the upper electrode 549, 
and the main portion 546a of the lower electrode 546, the 
centers thereof coincide with the center of the cavity 543. 

10 Further, the center of the circular cavity 543 for deciding the 
vibratable part of the vibration plate 542 is positioned at the 
center of the overall liquid-detecting device 560. 

The vibratable part of the vibration plate 542 specified by 
the cavity 543, the part of the main portion 546a of the lower 

15 electrode 546 corresponding to the cavity 543, and the part of 
the main portion 547a of the piezoelectric layer 547 
corresponding to the cavity 543, and the main portion 549a and 
the part of the extension part 549b of the upper electrode 549 
corresponding to the cavity 543 constitute the vibration part 

20 561 of the liquid-detecting device 560. And, the center of the 
vibration part 561 of the liquid-detecting device 560 coincides 
with the center of the liquid-detecting device 560. 

Furthermore, the main portion 547a of the piezoelectric 
layer 547, the main portion 549a of the upper electrode 549, 

25 the main portion 546a of the lower electrode 546, and the 
vibratable part (that is, the part corresponding to the bottom 
543a of the cavity 543) of the vibration plate 542 are circular, 
so that the vibration part 561 of the liquid-detecting device 560 
is almost symmetrical about the center of the liquid-detecting 

30 device 560. 

Further, the vibration part 561 of the liquid-detecting 
device 560, when a voltage is applied to the piezoelectric layer 
547 via the upper electrode 549 and the lower electrode 546, is 
projected and deformed in the opposite direction of the cavity 

35 543. 

As mentioned above, in this embodiment, the overall area 
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corresponding to the cavity 543 is covered by the main portion 
546a of the lower electrode 546 and the main portion 547a of 
the piezoelectric layer 547, so that the difference between the 
deformation mode at the time of forcible vibration and the 
5 deformation mode at the time of free vibration is reduced 
compared with the conventional art. Further, the vibration part 
561 of the liquid-detecting device 560 is almost symmetrical 
about the center of the liquid-detecting device 560, so that the 
rigidity of the vibration part 561 is almost isotropic viewed from 

10 the center. 

Further, the overall area corresponding to the cavity 543 is 
covered by the main portion 546a of the lower electrode 546 
having a diameter larger than that of the cavity 543, so that the 
generation of an unnecessary vibration due to the displacement 

15 of the lower electrode 546 during manufacture is prevented and 
the reduction in the detection accuracy can be prevented. 

Furthermore, the main portion 549a of the upper electrode 
549 is formed in a circular ring shape, so that as shown in Fig. 
18, the outer periphery of the main portion 549a of the upper 

20 electrode 549 can be arranged in the position close to the 
periphery of the cavity 543, thus the part of the extension part 
549b of the upper electrode 549 positioning inside the area 
corresponding to the cavity 543 becomes smaller and the 
symmetry of the part constituting the vibration part 561 with 

25 respect to the upper electrode 549 is improved. 

Therefore, the generation of an unnecessary vibration 
caused by the asymmetrical structure is suppressed and the 
reduction in the output of the counter electromotive force due 
to the difference in the deformation mode between the time of 

30 forcible vibration and the time of free vibration is prevented. 
By doing this, the detection accuracy of the resonance 
frequency of the residual vibration of the vibration part 561 of 
the liquid-detecting device 560 is improved and the residual 
vibration of the vibration part 561 can be detected easily. 

35 Further, the area of contact between the vibration part 561 

of the liquid-detecting device 560 and a liquid is limited to the 
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area of existence of the cavity 543, so that it is possible to 
detect a liquid at a pin point, thus the ink level in the ink 
cartridge 7 can be detected with high accuracy. 

Next, a liquid-detecting device according to still further 
5 embodiment of the present invention and an ink cartridge 
(liquid container) having the liquid-detecting device will be 
explained by referring to the drawings. 

Figs. 20, 21A, and 21B are drawings showing a 
liquid-detecting device 660 of this embodiment, and the 

10 liquid-detecting device 660 has a base 640 formed by 
laminating a vibration plate 642 on a substrate 641, and the 
base 640 has a first face 640a and a second face 640b opposite 
to each other. On the base 640, a circular cavity (concavity) 
643 for receiving a medium to be detected is formed so as to be 

15 opened on the side of the first face 640a and a bottom 643a of 
the cavity 643 is configured to be capable of vibrating by the 
vibration plate 642. In other words, the part of the overall 
vibration plate 642 which vibrates actually is defined at the 
contour thereof by the cavity 643. At both ends of the base 

20 640 on the side of the second face 640b, a lower electrode 
terminal 644 and an upper electrode terminal 645 are formed. 

On the second face 640b of the base 640, a lower 
electrode (first electrode) 646 is formed and the lower electrode 
646 has a circular main portion 646a and an extension part 

25 646b which extends from the main portion 646a toward the 
lower electrode terminal 644 and is connected to the lower 
electrode terminal 644. The center of the circular main portion 
646a of the lower electrode 646 coincides with the center of the 
cavity 643. 

30 The circular main portion 646a of the lower electrode 646 

is formed in a diameter smaller than that of the circular cavity 
643 and is arranged within the area corresponding to the cavity 
643. 

On the lower electrode 646, a circular piezoelectric layer 
35 647 formed in a diameter larger than that of the main portion 
646a of the lower electrode 646 is laminated and as shown in 
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Fig. 20, the overall piezoelectric layer 647 is arranged within the 
area corresponding to the cavity 643. In other words, the 
piezoelectric layer 647 has no part extending across the position 
corresponding to the periphery 643a of the cavity 643 yet. 
5 On the side of the second face 640b of the base 640, an 

auxiliary electrode 648, one end of which is connected to the 
upper electrode terminal 645, is formed. The auxiliary 
electrode 648 extends from the outside of the area 
corresponding to the cavity 643 into the area corresponding to 

10 the cavity 643 beyond the position corresponding to the 
periphery 643a of the cavity 643. A part of the auxiliary 
electrode 648, in the area corresponding to the cavity 643, 
supports a part of the piezoelectric layer 647 from the side of 
the second face 640b of the base 640. The auxiliary electrode 

15 648 preferably has the same material and same thickness as 
those of the lower electrode 646. Since a part of the 
piezoelectric layer 647 is supported by the auxiliary electrode 
648 from the side of the second face 640b of the base 640 like 
this, the piezoelectric layer 47 is prevented from generation of a 

20 level different portion, thus the mechanical strength can be 
prevented from reduction. 

On the piezoelectric layer 647, a circular main portion 
649a of an upper electrode (second electrode) 649 is laminated 
and the upper electrode 649 is formed in a diameter smaller 

25 than that of the piezoelectric layer 647 and larger than that of 
the main portion 646a of the lower electrode 646. Further, the 
upper electrode 649 has an extension part 649b which extends 
from the main portion 649a and is connected to the auxiliary 
electrode 648. As shown in Fig. 21B, the position P where the 

30 extension part 649b of the upper electrode 649 and the 
auxiliary electrode 648 begin to connect is within the area 
corresponding to the cavity 643. 

As shown in Fig. 20, the upper electrode 649 is electrically 
connected to the upper electrode terminal 645 via the auxiliary 

35 electrode 648. Since the upper electrode 649 is electrically 
connected to the upper electrode terminal 645 via the auxiliary 
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electrode 648 like this, the level difference caused by the total 
thickness of the piezoelectric layer 647 and the lower electrode 
646 can be absorbed by both the upper electrode 649 and the 
auxiliary electrode 648. Therefore, it can be prevented that a 
5 great level difference is caused in the upper electrode 649 so 
that the mechanical strength is reduced. 

As shown in Fig. 20, the main portion 649a of the upper 
electrode 649 is circular and the center thereof coincides with 
the center of the cavity 643. The main portion 649a of the 

10 upper electrode 649 is formed in a diameter smaller than those 
of the piezoelectric layer 647 and the cavity 643. 

As mentioned above, the piezoelectric layer 647 is 
structured so as to be held by the main portion 649a of the 
upper electrode 649 and the main portion 646a of the lower 

15 electrode 646. By doing this, the piezoelectric layer 647 can be 
driven to effectively deform. 

Further, among the main portion 646a of the lower 
electrode 646 and the main portion 649a of the upper electrode 
649 which are electrically connected to the piezoelectric layer 

20 647, the main portion 646a of the lower electrode 646 is formed 
in a smaller diameter. Therefore, the main portion 646a of the 
lower electrode 646 decides the area of the part of the 
piezoelectric layer 647 where the piezoelectric effect is 
produced. 

25 Further, the members included in the liquid-detecting 

device 660 are preferably formed integrally with each other by 
mutual calcination. When the liquid-detecting device 660 is 
integrally formed like this, the liquid-detecting device 660 can 
be handled easily. 

30 As a material of the piezoelectric layer 647, it is preferable 

to use zirconium acid titanate (PZT), zirconium acid titanate 
lantern (PLZT), or a lead-less piezoelectric film using no lead. 
As a material of the substrate 641, it is preferable to use 
zirconia or alumina. Further, the vibration plate 642 preferably 

35 uses the same material as that of the substrate 641. The 
upper electrode 649, the lower electrode 646, the upper 
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electrode terminal 645, and the lower electrode terminal 644 
can be made with a conductive material, for example, metals of 
gold, silver, copper, platinum, aluminum, and nickel. 

The vibratable part of the vibration plate 642 specified by 
5 the cavity 643, the main portion 646a and the part of the 
extension part 646 of the lower electrode 646 corresponding to 
the cavity 643, the piezoelectric layer 647, and the main portion 
649a and the part of the extension part 649b of the upper 
electrode 649 corresponding to the cavity 643 constitute the 

10 vibration part 661 of the liquid-detecting device 660. And, the 
center of the vibration part 661 of the liquid-detecting device 
660 coincides with the center of the liquid-detecting device 660. 

Furthermore, the piezoelectric layer 647, the main portion 
649a of the upper electrode 649, the main portion 646a of the 

15 lower electrode 646, and the vibratable part (that is, the part 
corresponding to the bottom 643a of the cavity 643) of the 
vibration plate 642 are circular, and the overall piezoelectric 
layer 647 is arranged within the area corresponding to the 
cavity 643, so that the vibration part 661 of the liquid-detecting 

20 device 660 is almost symmetrical about the center of the 
liquid-detecting device 660. 

As mentioned above, in this embodiment, the vibration 
part 661 of the liquid-detecting device 660 is symmetrical about 
the center of the liquid-detecting device 660, thereby the 

25 rigidity of the vibration part 661 is almost isotropic viewed from 
the center. Especially, the piezoelectric layer 647 greatly 
affecting the rigidity of the vibration part 661 is formed in a 
circular shape, thereby the isotropy of the rigidity of the 
vibration part 661 is enhanced greatly. Therefore, the 

30 generation of an unnecessary vibration caused by the 
asymmetrical structure can be suppressed and the detection 
accuracy of the resonance frequency of the residual vibration of 
the vibration part 661 of the liquid-detecting device 660 is 
improved. 

35 Further, the overall hard and fragile piezoelectric layer 647 

is arranged within the area corresponding to the cavity 643 and 



the piezoelectric layer 647 does not exist in the position 
corresponding to the periphery 643a of the cavity 643. 
Therefore, the problem in the conventional liquid-detecting 
device that the piezoelectric film is cracked in the position 
5 corresponding to the periphery of the cavity can be solved. 

Further, the area of contact between the vibration part 661 
and a liquid is limited to the area of existence of the cavity 643, 
thereby it is possible to detect a liquid at a pin point, thus the 
ink level in the ink cartridge 7 can be detected with high 
10 accuracy. 

Further, as a modification of the aforementioned 
embodiment, as shown in Figs. 22, 23A, and 23B, in addition to 
the extension part 646b of the lower electrode 646 and the 
extension part 649b of the upper electrode 649 which extend 

15 mutually in the opposite directions on a first straight line 
passing the center of the cavity 643, on a second straight line 
passing the center of the cavity 643 and crossing the first 
straight line at right angles, a pair of extension parts 646c 
extending mutually in the opposite directions from the main 

20 portion 646a of the lower electrode 646 can be formed. 

Further, the pair of extension parts 646c, instead of 
continuously forming from the main portion 646a of the lower 
electrode 646, can be formed separately from the main portion 
646a of the lower electrode 646. 

25 As mentioned above, perpendicularly to the extending 

direction of the extension part 646b of the lower electrode 646 
and the extension part 649b of the upper electrode 649, the 
pair of extension parts 646c, which do not function actually as 
an electrode, are arranged along the straight line passing the 

30 center of the cavity 643, thus, as compared with the 
embodiment shown in Figs. 20, 21A, and 21B, the symmetry of 
the vibration part 661 is improved. Namely, in the embodiment 
shown in Figs. 20, 21A, and 21B, the shape of the vibration part 
661 is symmetrical two times, while in the embodiment shown 

35 in Figs. 22, 23A, and 23B, the shape of the vibration part 661 is 
symmetrical four times. Since the symmetry of the shape of 
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the vibration part 661 is improved like this, the generation of an 
unnecessary vibration can be reduced more. 

Although the invention has been described in its preferred 
embodiments with a certain degree of particularity, obviously 
5 many changes and variations are possible therein. It is 
therefore to be understood that the present invention may be 
practiced otherwise than as specifically described herein without 
departing from the scope and spirit thereof. 



